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ABSTRACT
Lang, Jeanne M., M.A., June 1976 Botany
Effects of Hormones, pH, and Fluoride on Ponderosa Pine 
Hypocotyl Elongation (132 pp.)
Director: David E. Bilderback /).e6
The regulation of elongation in Pinus ponderosa (Laws) was 
studied by incubating 5 mm excised hypocotyl segments either  
in a buffered solution of hormones at pH 6 or in buffer at a 
range of pH from 6 to 3. Naphthalene acetic acid (NAA) 
enhanced elongation of hypocotyl segments, with the greatest
response at 10“  ̂ M. Gibberellic acid (GA3 ) at a range of
concentration from 10"^ to 10-4 M did not affect elongation.
I f  segments were s l i t  longitudinally and aspirated or sp l i t  
in ha lf longitudinally , a response to c itra te  buffer at a 
low pH was also obtained, with the maximal elongation at 
pH 3. The data support the theory of acid mediated auxin 
action.
The effects of fluoride on hypocotyl elongation was 
investigated by incubating excised segments in either buffered 
solutions of NaF at a range of pH from 6 to 3 or in solutions
of HF at a range of pH from 6 to 2.5.  Growth of intact
plants in agar containing NaF was also studied. Sodium 
fluoride inhibited elongation at 10"  ̂ M. No e ffect was 
produced at lower concentrations of NaF given alone, although 
NaF at 10“2 m inhibited auxin enhanced elongation. Hydro­
fluoric  acid inhibited growth of excised segments at pH 2.5 
or 9 X 10-3 M. No evidence of fluoride stimulation of 
elongation was obtained.
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CHAPTER I 
INTRODUCTION 
F l u o r i d e  Induced E l onga t i on
The d e l e t e r i o u s  e f f e c t s  o f  f l u o r i d e  on p l a n t s ,  
i n c l u d i n g  i n h i b i t i o n  o f  metabol i sm,  r e du c t i o n  of  o v e r a l l  
growth,  and pr oduct i on  of  f o l i a r  l e s i o n s ,  have been 
documented in numerous s t ud i e s  ( N a t i o n a l  Academy o f  
Sciences,  1971 ) .  F l u o r i d e  is s p e c i f i c a l l y  known to 
i n h i b i t  stem e l o n g a t i o n .  In s t ud i e s  on pea stem e l o n g a ­
t i o n  using excised stem segments,  f l u o r i d e  i n h i b i t s  auxin  
induced e l o n g a t i o n  ( C h r i s t i a n s e n  and Thimann,  1950a) .  
A p p a r e n t l y ,  f l u o r i d e  i n h i b i t s  the auxin s t i m u l a t e d  
d e p o s i t i o n  o f  carbohydr at es  in the c e l l  wa l l  ( C h r i s t i a n s e n  
and Thimann,  1950a)  and has e x t e n s i v e  e f f e c t s  on the  
metabol ism of  e l o n g a t i n g  stem t i s s u e  ( C h r i s t i a n s e n  and 
Thimann,  1950b) .  Sodium f l u o r i d e  i n h i b i t s  the auxin  
enhanced r e l e a s e  o f  xy l og l ucan  from the c e l l  wa l l  of  
e l o n g a t i n g  pea stem segments ( L a b a v i t c h  and Ray,  19 74 ) .  
This r e l e a s e  of  xy l og l uc an  may be the method by which 
auxin causes c e l l  wal l  l o o s e n i n g ,  a p r e r e q u i s i t e  f o r  
e l o n g a t i o n  ( L a b a v i t c h  and Ray,  19 74 ) .
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I t  t h e r e f o r e  seems s u r p r i s i n g  t h a t  s t i m u l a t i o n  of  
stem e l o n g a t i o n  by f l u o r i d e  has been r e p e a t e d l y  observed  
(Adams and Sulzbach,  1961;  Applegate  and Adams, 1960;  
Gordon,  1969a,  1 969b,  1 972a,  1 972b;  Treshow e t  a l . , 1 967 , 
and r e f e r e nc e s  c i t e d  t h e r e i n ;  Treshow and Har ner ,  1968) .
In f i e l d  s t ud i e s  on Pseudotsuga menzi es i i in the v i c i n i t y  
of a phosphate r e du c t i o n  p l a n t ,  Treshow e t  a l .  ( 1 967)  
observed i ncreased needle l engt h  and shoot  l e n g t h .  The 
s t i m u l a t i o n  o f  needle e l o n g a t i o n  was s i g n i f i c e n t  using  
a t  t e s t  (Tab l e  2 in Treshow e t  a l . ,  1 967 ) .  Gordon has 
conducted e x t e n s i v e  f i e l d  s t ud i e s  in areas of  f l u o r i d e  
p o l l u t i o n  i n c l u d i n g  G a r r i s o n ,  Montana;  Columbia F a l l s ,  
Montana; and Mt.  Storm,  West V i r g i n i a .  He has observed  
i ncreased e l o n g a t i o n  o f  the t e r mi na l  shoot  in severa l  
species of  pine and in spruce (Gordon,  1969a,  1969b,  
1972b) .  This s t i m u l a t i o n  o f  growth could be produced 
under c o n t r o l l e d  greenhouse c o n d i t i o n s  in whi t e  and scotch  
pine by app l y i ng  s o l u t i o n s  o f  HF to the candles of  4 to 
5 ye ar  old seed l i ngs  (Gordon,  1972a) .  H y d r o f l u o r i c  ac i d  
at  a range of  pH from 3 to 5 caused i ncr eased  candle  
e l o n g a t i o n .  This e f f e c t  was not  o b t a i n e d  wi t h  s u l f u r i c  
acid s o l u t i o n s .
Adams and Sulzbach ( 1961)  observed t h a t  i n t e r n o d a 1 
e l o n g a t i o n  was s t i m u l a t e d  in Phaseo1 us v u l g a r i s  L. 
se ed l i n gs  f umigated wi t h  HF a t  a c o n c e n t r a t i o n  o f  4 to 7
o
yg F~/m . The s t i m u l a t i o n  in Phaseo1 us v u l g a r i s  occur red
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also a t  a lower  l e v e l  of  HF c o n c e n t r a t i o n ,  2 yg F /m 
(Appl egate  and Adams, 1 9 6 0 ) .  Treshow and Harner  ( 1 9 6 8 ) ,  
using a p p r o x i ma t e l y  the same HF c o n c e n t r a t i o n ,  a l so  
repor t ed  an i nc r e as e  in i n t e r n od e  e l o n g a t i o n  in Phaseolus  
v u l g a r i s .
Brewer e t  a l .  ( 1960a ,  1967)  have been r e f e r r e d  to as 
p r ov i d i ng  evidence t h a t  f l u o r i d e  promotes growth ( T res how 
et  a l . ,  1967;  Na t i ona l  Academy of  Sc iences ,  1971 ) .  A l ­
though they r e por t e d  an i ncr ease  in t o t a l  l i n e a r  growth,  
t h i s  growth is merely caused by an i ncreased l a t e r a l  
budding,  r e s u l t i n g  in the product i on  of  many s m a l l ,  weak 
branches.  The cont r o l  p l a n t s ,  in compar ison,  produced 
fewer  branches,  but  each of  these was l onger  than branches  
of  f l u o r i d e  t r e a t e d  p l a n t s .  The t r e a t e d  p l a n t s  were 
s h o r t e r  than the c o n t r o l s  and had a dwarfed appearance  
( F i g u r e  3 in Brewer e t  a l . ,  1960a) .  T h e r e f o r e ,  these  
exper iments show f l u o r i d e  i n h i b i t i o n  of  stem e l o n g a t i o n  
r a t h e r  than s t i m u l a t i o n .
Several  e x p l a n a t i o n s  f o r  the phenomenon of  f l u o r i d e  
induced e l o n g a t i o n  have been suggested.  Bennet t  e t  a l .  
( 1974)  noted t h a t  s t i m u l a t i o n  o f  growth by low l e v e l s  
of  p o l l u t a n t s  is a general  occur r ence .  They p o i n t  out  
t h a t  a i r  in a n a t u r a l  envi ronment  w i l l  seldom be as pure 
as the f i l t e r e d  a i r  used as a c o n t r o l  f o r  most a i r
4
p o l l u t i o n  exper i ment s .  Since p l a n t s  a re adapted to 
n a t u r a l  a i r ,  they may a c t u a l l y  be adapted to low l e v e l s  
of  p o l l u t a n t s ,  and may grow b e t t e r  in a i r  w i t h  low 
p o l l u t a n t  l e v e l s  than in f i l t e r e d  a i r .
In the case discussed by Bennet t  e t  a l .  ( 1 9 7 4 ) ,  the  
i ncreased e l o n g a t i o n  repr es ent s  a t r ue  s t i m u l a t i o n  of  
growth.  However,  when o t he r  measurements of  growth have 
been made in s t ud i e s  o f  f l u o r i d e  s t i m u l a t e d  e l o n g a t i o n ,  
a p o s i t i v e  c o r r e l a t i o n  between e l o n g a t i o n  and i nc r e as e  
in b i omass is not  a 1 ways found.  Al though Treshow and 
Harner  ( 1968)  r e por t e d  an i nc r e as e  in f r e sh  and dry  
weight  of  fumigated p l a n t s  as wel l  as an i nc r e as e  in 
i n t e r node  l e n g t h ,  they found in t h e i r  e a r l i e r  study wi t h  
Pseudotsuga menzi es i i t h a t  needle l engt h  and r a d i a l  
growth o f  the t r unk  were n e g a t i v e l y  c o r r e l a t e d  (Treshow 
et  a l . ,  1 9 67 ) .  They suggested t h a t  an i mpor t an t  p a r t  
of  f l u o r i d e  damage to f o r e s t s  may be o c c ur r i n g  in areas  
where t r e e s  appear  h e a l t h y .  The i ncr eased  needle l ength  
in t h i s  case does not r e p r e s e n t  a t r u e  growth s t i m u l a t i o n  
since the l onger  needles are l ess e f f e c t i v e  in i n c r e a s i n g  
r a d i a l  wood growth than the normal needl es .
An i n t e r a c t i o n  of  f l u o r i d e  w i t h  growth r e g u l a t o r s  
can be p o s t u l a t e d  to e x p l a i n  l o c a l i z e d  f l u o r i d e  induced  
e l o n g a t i o n  of  p l a n t  organs whether  t h i s  e l o n g a t i o n  r e p r e ­
sents s t i m u l a t i o n  or i n h i b i t i o n  of  o v e r a l l  growth of  the
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p l a n t .  Treshow et  a l .  ( 1967)  ment ioned the p o s s i b i l i t y  
t h a t  f l u o r i d e  may be i n f l u e n c i n g  the response of  c e l l s  
to g i b b e r e l l i n  or aux i n .  Gordon (1972b)  noted t h a t  long 
t e r mi na l  shoots were not  found c l ose  to the Mt .  Storm 
p l a n t  but  were most common 14 mi l es  away. He suggested  
t h a t  f l u o r i d e  might  be a c t i n g  a t  low c o n c e n t r a t i o n s ,  
comparable to e f f e c t i v e  hormonal c o n c e n t r a t i o n s .
A study of  f l u o r i d e  e f f e c t s  on e l o n g a t i o n  would be 
aided by a prev i ous knowledge of  n a t u r a l  c o n t r o l s  on 
e l o n g a t i o n  in the system being s t u d i e d .  Areas o f  n a t u r a l  
c ont r o l  are where the e f f e c t s  o f  f l u o r i d e  a lone or i n t e r ­
a c t i ons  of  f l u o r i d e  wi t h  endogenous growth r e g u l a t o r s  
could be sought .
Na t ur a l  Regul a t ors  o f  E l onga t i on
A g r e a t  deal  is a l r e a d y  known about  the r e g u l a t i o n  
of  stem e l o n g a t i o n  in a wide v a r i e t y  of  p l a n t s .  Much of  
the work i nv o l v e s  auxin e f f e c t s  on e l o n g a t i o n .  The 
e x t e n s i v e  l i t e r a t u r e  on auxin c o n t r o l  of  stem e l o n g a t i o n  
has r e c e n t l y  been reviewed by Davies ( 1973)  and Evans 
( 1 9 7 4 ) .  These reviews and Evans ( 1973)  a l so  discuss the  
s t i m u l a t i o n  o f  e l o n g a t i o n  by ac i d  and i t s  p o s s i b l e  
r e l a t i o n  to auxin a c t i o n .  B r i e f l y ,  ac i d  s o l u t i o n s  are  
known to mimic the r a p i d  auxin e f f e c t  on e l o n g a t i o n  and 
may be d u p l i c a t i n g  the i n i t i a l  wal l  l ooseni ng e f f e c t
caused by aux i n .  The auxin may produce wa l l  loosening  
by a c t i v a t i n g  a proton pump, causing ions from the  
cytoplasm to be ex t ruded i n t o  the c e l l  wa l l  r e g i o n .  There  
they somehow promote a loosening o f  the c e l l  wa l l  so t h a t  
i t  can extend in response to t u r g o r  pressure .
In the auxin and acid s t u d i e s ,  the use fu l ness  of  
excised stem segments in studyi ng e f f e c t s  on e l o n g a t i o n  
has been demonst rated.  This system provi des the advan­
tage of  removing i mpor t an t  sources of  endogenous hormones,  
such as the apex and l e a v e s ,  so t h a t  the e f f e c t s  of  
exogenously a p p l i e d  substances can be s t ud i e d  wi t h  a 
minimum of  i n t e r f e r e n c e  from the endogenous r e g u l a t o r s .
G i b b e r e l l i n  is another  hormone f r e q u e n t l y  i m p l i c a t e d  
in e l o n g a t i o n  of  stem segments (P. A.  Adams, e t  a l . ,  1973;  
Evans,  1 974 ; Goto and Esashi ,  1 974;  Hash i zume, 1 965;
Kami s a k a , 1 973;  Kazama and Katsumi ,  1 973;  Shibaoka,  1 974;  
S i l k  and Jones,  1975 ) .  A f a c t o r  from coty l edons has been 
found to s y n e r g i s t i c a l l y  enhance g i b b e r e l l i n  induced  
e l o n g a t i o n  ( Kami saka,  1 9 7 3 ) ,  so the e f f e c t  o f  g i b b e r e l l i n  
on exc i sed  segments may be i ncr eased  by i nc u b a t i n g  segments 
wi th excised coty l edons in the same s o l u t i o n .
E l ong a t i on  in Ponderosa Pine
The pr esent  study r e s u l t e d  from a d e s i r e  to i n v e s t i ­
gate the e f f e c t  of  f l u o r i d e  on e l o n g a t i o n  of  ponderosa
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pine.  Ponderosa pine is known to show i ncreased e l o n g a ­
t i o n  in response to f l u o r i d e  p o l l u t i o n  in the f i e l d  
(Gordon,  1969a) .  However,  l i t t l e  work has been done on 
c ont r o l  of  e l o n g a t i o n  in t h i s  spec i es .
The young se ed l i ng  r e pr es en t s  a system undergoing  
dramat ic  e l o n g a t i o n .  The hypocotyl  i ncreases  from a 
l ength o f  appr ox i ma t e l y  2 mm in the embryo to 30 mm, in 
a per iod o f  10 days f o l l o w i n g  g e r m i n a t i o n .  Since the  
hypocotyl  is a c t i v e l y  e l o n g a t i n g ,  i t  would be expected  
to be s e n s i t i v e  to substances which promote e l o n g a t i o n .  
Though the hypocotyl  is not  d i r e c t l y  comparable to the  
candle o f  a t r e e  or severa l  year  old s e e d l i n g ,  some 
si mi l a r i t y  o f  growth r e g u l a t o r s  c o n t r o l l i n g  e l o n g a t i o n  
in hypocoty ls  and t e r mi na l  shoots is suggested by a study  
in which substances i s o l a t e d  from buds of  Pinus res i nosa  
A i t .  are ab l e  to promote e l o n g a t i o n  of  hypocoty ls  of  the 
same species ( G i e r t y c h  and Forward,  19 66 ) .  Three p r o ­
moters and one i n h i b i t o r  were found in buds from t r e e s  
ranging in h e i gh t  from 5 f t  to 50 f t .  Al though d i f f e r e n t  
aged t r e e s  had d i f f e r e n t  c o n c e n t r a t i o n s  o f  the substances ,  
as measured in the hypocotyl  s t r a i g h t  growth t e s t ,  the  
f a c t  t h a t  a l l  f o u r  substances were pr esent  a t  each stage  
t e s t e d  suggests a q u a l i t a t i v e  s i m i l a r i t y  of  growth 
r e g u l a t o r y  substances in t r e e s  o f  a l l  ages.
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Hashizume (1965b)  found promoters of  e l o n g a t i o n  in 
needles from Pinus n i g r a  using the hypocotyl  s t r a i g h t  
growth t e s t .  Mi rov (1941)  used the Avena c u r v a t u r e  
bioassay to e v a l u a t e  l e v e l s  of  growth promoters in 
ponderosa p ine .  From r e s u l t s  of  G i e r t y c h  and Forward  
(1966)  the e l o n g a t i o n  responses of  Avena and red pine  
hypocotyls are almost  i d e n t i c a l .  Thus,  the r e s u l t s  
obtained by Mirov (1941)  wi t h  the Avena t e s t  can t e n t a ­
t i v e l y  be a p p l i e d  to ponderosa pine hypoc ot y l s .  Mi rov  
( 1941)  found the Avena bioassay i n d i c a t e d  t h a t  more 
growth promot ive substance occur red in the t e r mi na l  shoots 
of  f a s t  growing ponderosa pine than in t e r mi na l  shoots 
from slow growing t r e e s .  Developing shor t  shoots ,  which 
would show l i t t l e  e l o n g a t i o n ,  were found to have a very  
low hormone l e v e l  in the Avena b i oassay .  The a b i l i t y  of  
r e g u l a t o r s  to s t i m u l a t e  growth in the t r e e  t h e r e f o r e  seems 
to be the same as t h e i r  a b i l i t y  to s t i m u l a t e  growth in 
Avena. The hypocotyl  o f  p i ne ,  i f  a n y t h i n g ,  would be 
expected to be even more c l o s e l y  r e l a t e d  in response to 
the shoots o f  the pine t r e e  ( G i e r t y c h  and Forward,  1966 ) .
The hypocotyl  is a conveni ent  system f o r  e l o n g a t i o n  
st udi es  because segments can e a s i l y  be exc i sed  and s t ud i ed  
f o r  growth e f f e c t s .  The advantages of  the exc i sed  segment  
system have a l r e a d y  been d i scussed.  Fur t her mor e ,  the  
p e r m e a b i l i t y  o f  t h i s  young t i s s u e  reduces p e n e t r a t i o n
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problems.  There is less chance of  f i n d i n g  a l ack of  
growth e f f e c t  due to the p r ev en t i on  of  e n t r y  of  the t e s t  
s o l u t i o n  by r e s i ns  when segments of  hypocotyl  are used 
r a t h e r  than segments from candles or  t r e e  shoots.
Since ev idence presented above suggests a s i m i l a r  
response of  the hypocotyl  and t e r mi n a l  shoots to growth  
r e g u l a t o r s  and since the hypocotyl  segments are able  to 
be st ud ied  wi th  a minimum of  i n t e r f e r e n c e  from perme­
a b i l i t y  problems and endogenous hormone sources,  the  
use o f  hypocotyl  segments f o r  p r e l i m i n a r y  s t ud i e s  of  
f l u o r i d e  and n a t u r a l  growth r e g u l a t o r  e f f e c t s  on e l o n ­
gat i on  in ponderosa pine seems j u s t i f i e d .  I n f o r m a t i o n  
presented in t h i s  study does not ,  however ,  apply d i r e c t l y  
to the con t r o l  o f  growth in t e r mi na l  shoots o f  t r e e s .
The growth e f f e c t s  found in the hypocotyl  system are  
e f f e c t s  which might  be found in t r e e s ,  and the data  
presented here can only be i n t e r p r e t e d  as p r o v i d i n g  
evidence t h a t  s i m i l a r  e f f e c t s  in t r e e s  would be worth  
i nves t i  gat  i ng .
Al though most of  the work on stem segment e l o n g a t i o n  
has i nvo l ved  angiosperms (Evans,  1 9 7 4 ) ,  t h e r e  have been 
severa l  s t ud i e s  on e l o n g a t i o n  of  pine stem segments.
Auxin enhances e l o n g a t i o n  of  stem segments f rom severa l  
species of  pine ( Wi tkowska-Zuk and Wodz i c k i ,  1970,  and 
r e f e r e n c e s  c i t e d  t h e r e i n ;  Hashizume,  1965a;  G i e r t y c h  and
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Forward,  1966;  Zakr zewsk i ,  1975,  and r e f e r e n c e s  c i t e d  
t h e r e i n ) .  To my knowledge,  the response of  ponderosa  
pine hypocotyl  segments to auxin or any o t h e r  homones 
has not p r e v i o u s l y  been i n v e s t i g a t e d .
Al though Wi tkowska-Zuk and Wodzicki  ( 1970)  found a 
p o s i t i v e  auxin response,  they were unable to d e t e c t  a 
response of  Pinus s i l v e s t r i s  hypocotyl  segments to 
c i t r a t e - p h o s p h a t e  b u f f e r  a t  low pH. Another  t i s s u e  
which was found to respond to auxin but  not  ac i d  is the  
l i g h t - g r o w n  (gr een)  pea stem segment ( Ba r k l e y  and Leopold,  
1973) .  Al though they s t a t e  t h a t  removal  o f  the c u t i c l e  
had no e f f e c t  on the l ack o f  response of  segments to low 
pH, evidence e x i s t s  t h a t  a p e r m e a b i l i t y  problem was 
indeed present  in t h e i r  exper i ment s .  Yamamoto e t  a l .  
( 1973)  found t h a t  when green pea segments were su pe r ­
f i c i a l l y  s l i t  l o n g i t u d i n a l l y  and a s p i r a t e d  in a s o l u t i o n  
of  low pH, an e l o n g a t i o n  response to the ac i d  b u f f e r  could  
occur .  Cl el  and and Ray le ( 1975)  a l so s l i t  green pea 
segments l o n g i t u d i n a l l y ,  but  did not  a s p i r a t e  segments 
and were a lso  ab l e  to o b t a i n  an ac i d  response.  The 
response o f  pine hypocoty ls  to auxin and ac i d  is t h e r e ­
f o r e  of  some i n t e r e s t .  The quest i on  of  whether  pine  
hypocoty ls  r e p r e s e n t  a t i s s u e  responding to auxin but  not  
to ac i d  is an i mp or t an t  one f o r  the hypothes is  o f  ac i d  
mediated auxin a c t i o n .  A f u r t h e r  quest i on  is whether
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p e r m e a b i l i t y  f a c t o r s  are i mpor t ant  in the pine hypocotyl  
acid  response,  as they seem to be in pea.
Since ac i d  may promote e l o n g a t i o n ,  the f l u o r i d e  
e f f e c t  may be an ac i d  e f f e c t  caused by h y d r o f l u o r i c  a c i d .
In order  to d i f f e r e n t i a t e  between a f l u o r i d e  e f f e c t  and 
an acid e f f e c t ,  the e l o n g a t i o n  responses to HF and NaF 
are t e s t e d  s e p a r a t e l y  in the pr esent  s tudy.
Endogenous 1 y o c c ur r i ng  g i b b e r e l l i n s  have been i s o ­
l a t e d  from Pinus s i l v e s t r i s , but  as y e t  GA  ̂ has not  been 
found (Mi chni ewi cz  e t  a l . ,  1974;  r e f e r e n c e s  c i t e d  in 
Zakrzewski ,  1975 ) .  Pinus s i l v e s t r i s  hypocotyl  growth is  
repor ted  to be s t i mu l a t e d  by these endogenous g i b b e r e l l i n s  
(Kopcewicz,  1968,  c i t e d  in Zak r zews k i ,  1975) .  However,  
g i b b e r e l l i c  ac i d  a p p l i e d  a lone has not been found to 
enhance e l o n g a t i o n  in any of  the pine species s t ud i e d  
(Hashizume,  1965a;  Wi tkowska-Zuk and Wodz i ck i ,  1970;  
Zakrzewski ,  1975,  and r e f e r e n c e s  c i t e d  t h e r e i n ) .  Hazhizume 
( 1965a)  did r e p o r t  an enhanced response to auxin in the  
presence of  g i b b e r e l l i c  a c i d .
To f a c i l i t a t e  comparison of  the r e s u l t s  f o r  the  
ponderosa pine hypocotyl  presented in t h i s  study wi t h  
ot he r  stem systems,  the general  h i s t o l o g y  of  the hypocotyl  
is i l l u s t r a t e d  in F igures  1 - 7 .  Va sc u l a r  bundles are  
present  as s e p ar a t e  s t r ands ( F i g u r e  3 ) .  The c o r t e x  and 
p i t h  con t a i n  numerous s t a r c h  gr a i ns  ( F i gur es  1,  2,  3 and
F i gur e  1.  Cross s e c t i o n  of  the c o r t i c a l  r e g i o n  o f  t he  
hypocoty l  of  ponderosa p ine  showing e p i d e r m i s  w i t h  
st omat e ,  and l a r g e  c o r t i c a l  c e l l s  c o n t a i n i n g  PAS 
p o s i t i v e  s t a r c h  g r a i n s  ( s t a i n e d  r e d ) .  The c o r t e x  
c o nt a i ns  l a r g e  i n t e r c e l l u l a r  a i r  spaces,  x 40 .
F i g ur e  2 . A cross s e c t i o n a l  view o f  the  v a s c u l a r  r e g i o n  
between the c o r t e x  (above)  and the p i t h  ( b e l o w ) .  A 
bundle of  f i b e r s  s t a i n i n g  s l i g h t l y  red can be seen to  
the l e f t  of  the xylem s t r a n d .  The p i t h  c o n t a i n s  a few 
s t a r c h  g r a i  n s . x 40 .
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Fi gur e  3.  Cross s e c t i o n  of  the v a s c u l a r  c y l i n d e r .  The 
v a s c u l a r  t i s s u e  can be seen to occur  as s e p a r a t e  bundles  
St ar ch  g r a i n s  in the p i t h  are v i s i b l e .  I n t e r f a s c i c u l a r  
red s t a i n i n g  f i b e r s  can be seen between the v a s c u l a r  
bundl es ,  x 25.
F i g ur e  4 .  Epidermal  cross s e c t i o n  showing e p i de r ma l  
c e l l s  ( be l ow)  w i t h  w a l l s  s l i g h t l y  t h i c k e r  than those  
of  c o r t i c a l  c e l l s  ( a b o v e ) ,  x 125.
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F i gur e  5. Stomate In cross s e c t i o n ,  x 125.  Th i s  i s  
the same stomate seen in F i g u r e  1.
F i gur e  6 . Cross s e c t i o n  o f  c o r t i c a l  c e l l s  showing  
s t a r c h  g r a i n s .  x 125.
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F i gur e  7.  Cross s e c t 1 on o f  v a s c u l a r  t i s s u e  w i t h  phloem 
to the l e f t ,  xylem in the mi dd l e  w i t h  red s t a i n i n g  w a l l s  
and p i t h  to the r i g h t ,  x 125.
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6 ) ,  and stomates occur in the epidermis  ( F i gur es  1 and 5 ) .  
Epidermal  c e l l  wa l l s  appear to be t h ickened ( F i gur es  4 
and 5 ) .
Data are presented in t h i s  t h e s i s  on response of  
hypocotyl  segments to aux i n ,  ac id and g i b b e r e l l i c  ac i d  
as a survey of  the n a t u r a l  r e g u l a t o r s  of  growth.  The 
i n t e r a c t i o n  of  g i b b e r e l l i c  ac i d  wi t h  auxin and wi th  
coty l edons is a lso  presented.
Data on f l u o r i d e  e f f e c t s  are presented f o r  two types  
of  f l u o r i d e  compounds, HF and NaF. Each i s  t e s t e d  a l o ne ,  
and the f o l l o w i n g  combinat ions are t es t e d :  HF wi t h  c o t y ­
l edons,  NaF wi t h  c o t y l e dons ,  NaF wi th  g i b b e r e l l i c  a c i d ,
NaF w i t h  a u x i n ,  NaF wi t h  g i b b e r e l l i c  ac id  and co t y l e do ns ,  
and NaF wi t h  acid b u f f e r .
CHAPTER I I  
MATERIALS AND METHODS
U n s t r a t i f i e d  seeds of  ponderosa pine ( Pinus ponderosa 
Laws) were purchased from the S i l v a s e e d  Company, Roy,  
Washington.  The seeds were prepared f o r  ger mi na t i on  by 
washing f o r  4 hr under cold running tap water  and then 
s t r a t i f i e d  a t  4°C f o r  15 days in moist  v e r m i c u l i t e .  The 
i nteguments and n u c e l 1 us were then removed from the  
megagametophyte and the m i c r o p y l a r  end of  the megagameto-  
phyte was i n s e r t e d  i n t o  moist  s t e r i l e  v e r m i c u l i t e  in  
t h r e e - i n c h  deep Pyrex p e t r i  d ishes .  The dishes were kept  
in a growth chamber a t  20°C wi t h  12 hr o f  l i g h t  per day 
provided by f l u o r e s c e n t  l i g h t s  a t  1000  f t  c.
For the exper iments  on growth of  e n t i r e  p l a n t s ,  
seedl ings  were ma i n t a i ned  in the p e t r i  dishes in the  
growth chamber under env i ronmenta l  c o n d i t i o n s  descr i bed  
above.  To determi ne the r o l e  o f  the megagametophyte in 
hypocotyl  e l o n g a t i o n ,  the megagametophyte was removed 
from the cot y l edons of  the s e ed l i ngs  when the hypocotyl  
was 1 cm long.  To accompl ish t h i s ,  the se e d l i n g  was 
ge n t l y  removed from the v e r m i c u l i t e .  The megagametophyte  
was s l i t  l o n g i t u d i n a l l y  w i t h  a r a z o r  b lade and then
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broken in h a l f  manua l l y .  The se ed l i ng  was then r e p l a n t e d  
in the v e r m i c u l i t e .  For the exper iments i n v o l v i n g  removal  
of  the a p i c a l  meri  stem and c o t y l e do ns ,  the megagametophyte  
was removed as descr i bed above,  and the coty l edons and 
ap i ca l  meri  stem was exc i sed 1 mm below the c o t y 1edonary  
node. When a drop of  agar  was to be a p p l i e d  to the cut  
sur face of  the h ypoc ot y l ,  s o l u t i o n s  of  n a p h t h a l e n e a c e t i c  
acid (NAA) a t  c o n c e n t r a t i o n s  of  10~^,  1 0 ' ^ ,  and 10”  ̂ M, 
in 3% agar ,  were i n t r oduced  i n t o  5 cc hypodermic s y r i n g e s .  
Agar alone was used as a c o n t r o l .  The drops were a p p l i e d  
to the se ed l i ngs  using a needle which had been f i l e d  o f f  
so t h a t  the plane of  the a p e r t u r e  was p e r p e n d i c u l a r  to 
the long ax i s  o f  the needl e .  This p e r m i t t e d  f o r ma t i on  of  
a drop which could be a p p l i e d  e a s i l y  to a s e e d l i n g .  The 
drop r e a d i l y  adhered to the cut  sur f a ce  r e g a r d l e s s  of  i t s  
o r i e n t a t i o n .  Drops were a p p l i e d  to the se ed l i ngs  imme­
d i a t e l y  a f t e r  the a p i c a l  meri  stem and coty l edons had been 
removed,  on the t h i r d  day a f t e r  g e r m i n a t i o n .  Fresh drops 
were a p p l i e d  on the f o u r t h ,  s i x t h ,  and e i gh t h  days a f t e r  
germi n a t i o n .
Measurements of  e n t i r e  p l a n t s  growing in v e r m i c u l i t e  
were made by hol di ng the se ed l i ng s  u p r i g h t  as s t r a i g h t  as 
pos s i b l e  next  to a r u l e r  held w i t h  the zero p o i n t  a t  the  
l ev e l  of  the base of  the h y poc ot y l .  I f  curves in the  
hypocotyl  were p r e s e n t ,  the stem was g e n t l y  s t r a i g h t e n e d
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as much as pos s i b l e  by e x e r t i n g  tens i on  along the long 
a x i s .  I f  a curve s t i l l  remained,  the l engt h  was es t i mat ed  
using the r u l e r .
To determine j j i  v i vo e l o n g a t i o n  of  the hypocotyl  
region i mmedia te l y  below the c o t y 1edonary node,  a mark 
was made wi t h  a b lack  f e l t  t i p  pen a t  a d i s t a n c e  of  5 mm 
from the c o t y 1edonary node. A f t e r  24 hr o f  growth in the  
v e r m i c u l i t e  in p e t r i  dishes in the same envi ronmenta l  
con d i t i on s  as used f o r  exc i sed segment exper iments  ( d e s ­
c r i be d  be l ow) ,  the d i s t a n c e  from the mark to the c o t y 1e-  
donary node was measured wi t h  a r u l e r .
Excised segments,  used f o r  most o f  the exper i ment s ,  
were prepared from seed l i ngs  grown f o r  t h r e e  days a f t e r  
ger mi na t i on  in c o n d i t i o n s  descr i bed above.  The hypocoty ls  
were a p p r o x i ma t e l y  1 cm long a t  t h i s  age.  To o b t a i n  a 
hypocotyl  segment,  5 mm of  t i s s u e  was cut  wi t h  a r a z or  
blade from the hypocotyl  j u s t  below the c o t y 1edonary node 
( F i gur e  8 ) .  In some exper i ment s ,  hypocotyl  segments wi t h  
at t ached  coty l edons were used. These were prepared by 
l eav i ng  2 mm of  coty l edon t i s s u e  a t t a c he d  to the 5 mm 
hypocotyl  segment.  Hypocotyl  segments i ncubated wi t h  
unat tached coty l edons in the same f l a s k  were t e s t e d  f o r  
an e l o n g a t i o n  response to GA^, NaF, and combi na t i ons  
of  GAg and NaF. For these ex per i ment s ,  cot y l edon segments 
were excised j u s t  above the c o t y 1edonary node using a
F i gur e  8 . The top o f  the ponderosa p i ne  hy p oc o t y l  and 
c o t y l e d o n s ,  showing the r e g i o n  f rom which the 5 mm 
segment was e x c i s e d .
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r a z or  b lade .  T w e n t y - f i v e  cot y l edon segments were i n c u ­
bated wi t h  25 hypocotyl  segments.  For ac i d  response  
exper i ment s ,  hypocotyl  segments were s l i t  s u p e r f i c i a l l y  
the l engt h  of  the hypocotyl  a t  i n t e r v a l s  o f  ap pr ox i ma t e l y  
0 . 5  mm and then a s p i r a t e d  wi t h  t e s t  s o l u t i o n  f o r  1 mi n 
using a vacuum pump. In one ex pe r i me nt ,  hypocotyl  segments 
were cut  in h a l f  l o n g i t u d i n a l l y  to produce s p l i t  segments.
For a l l  except  one of  the segment ex per i ment s ,  batches  
of  25 segments were i ncubated in a 50 ml Er lenmeyer  f l a s k  
con t a i n i n g  20 ml o f  t e s t  s o l u t i o n .  In one of  the sodium 
f l u o r i d e  exper i ment s ,  i n d i v i d u a l  segments were placed  
alone in 10 ml Er lenmeyer  f l a s k s  c o n t a i n i n g  2 ml of  
s o l u t i o n .  The f l a s k s  were placed on a mechanical  shaker .  
The shaker  was placed in a growth chamber a t  20®C wi th  
12 hr l i g h t  provided by f l u o r e s c e n t  l i g h t s  a t  170 f t  c.
The t i s s ue s  were i ncubated f o r  24 hr .  An except i on  was 
the two exper iments on hypocotyl  segments wi t h  unat tached  
cot y l edons .  F lasks were i ncubated f o r  48 hr in cont inuous  
l i g h t  f o r  one exper i ment  and f o r  72 hr in cont inuous dark  
f o r  the o t h e r .
For the f i r s t  ex pe r i me nt s ,  segments were measured 
wi th  a r u l e r .  These i n c l u d e  exper iments  on auxin a l o ne ,  
g i b b e r e l l i n  a l o ne ,  and g i b b e r e l l i n  and f l u o r i d e  wi th  
unat tached c o t y l e do ns .  For most o f  the ex per i ment s ,  
p i c t u r e s  o f  the segments were taken be f or e  and a f t e r
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i n c u b a t i o n .  The segments were photographed in a p e t r i  
dish wi t h  graph paper used as a background to determi ne  
the m a g n i f i c a t i o n  of  the s l i d e .  Measurements o f  l engt h  
of  the segments were made by p r o j e c t i n g  s l i d e s  of  the  
segments onto a cardboard sur f a ce  on a wal l  and d e t e r ­
mining average lengths of  the two sides o f  the segment  
wi th a map measure.  These measurements were l a t e r  con­
ver t ed  to m i l l i m e t e r s .  Measurements were c o r r e c t  to 
the near es t  0.1 mm. In the case o f  hypocotyl  segments 
wi th coty ledons a t t a c h e d ,  only the hypocotyl  p o r t i o n  of  
the segment was measured.
For the f a s t  auxin response ex per i ment ,  e i t h e r  
cheesecl oth  or  nylon screen was used.  I f  cheesec l ot h  
was used,  segments were placed on a 14 cm square piece  
of  cheesec l ot h  and photographed be f or e  i n c u b a t i o n .  The 
cheesecl oth  was then formed i n t o  a bag and lowered i n t o  
20 ml o f  i nc ub a t i o n  s o l u t i o n  in a 50 ml beaker  At  
15 mi n i n t e r v a l s  dur ing the f i r s t  hour ,  and then a t  
l onger  t ime i n t e r v a l s ,  the cheesec l o t h  and segments were 
l i f t e d  out  of  the beaker ,  the segments were ar ranged to 
l i e  f l a t  in a smal l  a r e a ,  and a photograph of  the segments 
was t aken.  The segments and che es ec l o t h  were then lowered  
back i n t o  the beaker ,  and i n c u b a t i o n  of  the segments was 
resumed. The nylon screen was used wi t h  a s i m i l a r  
exper iment  except  t h a t  segments were incubat ed  a lone in
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the beaker .  Segments were photographed by pour ing the 
I ncubat i on  s o l u t i o n  c o n t a i n i n g  them over the screen.
The screen wi t h  segments on i t  was placed on a c i r c l e  
of  f i l t e r  paper moistened wi t h  the i nc ub a t i o n  s o l u t i o n .
The segments were ar ranged on the screen and then photo­
graphed.  The screen was i n v e r t e d  over  the beaker  wi t h  
t e s t  s o l u t i o n  and tapped,  causing the segments to f a l l  
i n t o  the t e s t  s o l u t i o n  r a p i d l y .  I nc uba t i o n  of  the segments 
was then resumed.
Hormone s o l u t i o n s  used f o r  the exper iments wi th  
excised segments were prepared in 1 mM potassium phosphate  
b u f f e r  a t  pH 6 , to i nsur e  an equal  i n i t i a l  pH f o r  a l l  
these t e s t s .  The hormones NAA and g i b b e r e l l i c  ac id  (GA^) 
at  c o n c e n t r a t i on s  of  1 0 ” ^,  1 0 "^,  and 1 0 ~® M were used
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alone and in combinat ion wi th  NaF a t  10" , 10" , 10 ,
10"^,  10"^,  and 10"^ M. Combinat ions of  the t h r e e  con­
c e n t r a t i o n s  of  GAg w i t h  10"^ M NAA were a lso t e s t e d .  
Absc i s i c  ac id  (ABA) a l so was t e s t e d  a t  c o n c e n t r a t i o n s  of  
1 0" 4 , 1 0 "G, 1 0 "G, and 1 0 "^°  M.
For ac id  response ex per i men t s ,  a pH range from 6 to 
3 was obt a i ned  by using a 0.01 M sodium c i t r a t e  b u f f e r .  
Var ious c o n c e n t r a t i o n s  of  NaF were prepared in the  
phosphate b u f f e r  or  the c i t r a t e  b u f f e r .  H y d r o f l u o r i c  
acid s o l u t i o n s  were prepared using Baker ana lyzed reagent  
grade 48% HF. The f i r s t  stock s o l u t i o n  was made by
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d i l u t i n g  1 ml o f  conce nt r a t ed  HF w i t h  d i s t i l l e d  water  to 
100 ml .  A more d i l u t e  stock s o l u t i o n  was then prepared  
using 1 ml o f  the f i r s t  stock s o l u t i o n  brought  to 100  ml 
wi t h  d i s t i l l e d  wat e r .  So l u t i on s  a t  pH values of  5 . 5 ,
5 . 0 ,  4 . 5 ,  4 . 0 ,  3 . 5 ,  3 . 0 ,  and 2 . 5  were prepared by adding  
stock s o l u t i o n  to 100 ml o f  d i s t i l l e d  wa t e r .  The more 
concent rated stock s o l u t i o n  was used only f o r  p r e p a r a t i o n  
of  the pH 2 .5  s o l u t i o n .  The m o l a r i t i e s  of  the HF s o l u t i o n s  
were 2 .2  x 10"^,  3 . 4  x 10"^,  5 . 0  x 10"^,  8 . 0  x 10“ ^,
2.1 X 10~^,  1 .2 X 10~^,  and 9 x 10"^ M. A Corning Model  
5 pH meter  was used f o r  p r e p a r a t i o n  of  b u f f e r  s o l u t i o n s  
and HF s o l u t i o n s .  A l l  s o l u t i o n s  were prepared f r e sh  f o r  
each exper i ment .
Treatment  o f  e n t i r e  p l a n t s  wi t h  NaF was accompl ished  
e i t h e r  by g er mi na t i ng  seeds in f l u o r i d e  agar  s l a n t s  or  
by t r a n s f e r r i n g  seed l i ngs  from p e t r i  dishes to the f l u o r i d e  
s l a nt s  two days a f t e r  g e r m i n a t i o n .  F l u o r i d e  agar  was 
prepared by a u t o c l a v i n g  10"^,  10"^,  10” ^, and 10”  ̂ M NaF 
so l u t i o n s  in 1.3% agar .  S l a n t s  were made w i t h  10 ml of  
agar in 30 ml t e s t  tubes.  P l an t s  growing in the s l a n t s  
were mai nt a i ned  in a growth chamber a t  20°C wi t h  12 hr  
l i g h t  suppl i ed  wi t h  f l u o r e s c e n t  and i ncandescent  l i g h t s  
at  1600 f t  c.
For the exper i ment  t e s t i n g  the e f f e c t  of  p r e t r e a t me n t  
of  the se ed l i n gs  to NaF on subsequent  auxin response.
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seedl ings  in p e t r i  dishes were t r a n s f e r r e d  to the s l a n t s  
2 days a f t e r  g e r m i n a t i o n .  The seed l i ngs  remained in the  
s l a n t s  f o r  3 days.  They were then removed from the  
s l a n t s ,  and hypocotyl  segments were cut  and incubated  
in 10  ̂ M auxin in the usual  manner.
The exper iments on growth of  e n t i r e  p l a n t s  in v e r ­
m i c u l i t e  were analyzed s t a t i s t i c a l l y  using the S t u d e n t ' s  
t  t e s t .  An a l ys i s  o f  the exper iments  on exc i sed  segments 
and e n t i r e  p l a n t s  grown in s l a n t s  was somewhat more com­
p l i c a t e d .  For these a n a l y s e s ,  nonparamet r i c  methods were 
chosen,  so t h a t  i t  would be unnecessary to assume t h a t  
the popul a t i ons  being ana lyzed were nor mal l y  d i s t r i b u t e d .  
G e n e r a l l y ,  the t e s t  used when t her e  were more than two 
t rea t ment s  was the Kruska1- W a l l i s  t e s t  ( M a l i k  and Mu l l e n ,  
1973) .  I f  the K r u s k a l - W a l l i s  t e s t  i n d i c a t e d  a d i f f e r e n c e  
between some of  the t r e a t m e n t s ,  a m u l t i p l e  comparison  
t e s t  based on the Kruska1- W a l 1 is t e s t  was used to d e t e r ­
mine which of  the t r e a t ment s  were d i f f e r e n t  from which 
others ( H o l l a n d e r  and Wol fe ,  1 9 7 3 ) .  The computer program 
used f o r  the K r u s k a l - W a l l i s  and m u l t i p l e  comparison t e s t s  
and sample out put  from the program appear  in Appendix A I .  
B a s i c a l l y ,  t h i s  t e s t  compares average rank sums between 
every p os s i b l e  p a i r  o f  t r e a t m e n t s .  From the t e s t  s t a t i s t i c ,  
q, a va lue is c a l c u l a t e d  which must be less than the com­
puted d i f f e r e n c e  in average rank sums i f  a t r e a t me n t  p a i r
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is to be s i g n i f i c a n t .  When only  two t r e a t me n t s  were to 
be compared f o r  an ex pe r i me nt ,  the Wi lcoxon Rank Sum 
t e s t  was used ( M a l i k  and Mu l l e n ,  19 73 ) .  This t e s t  is  
analogous to the K r u s k a l - W a l l i s  t e s t  used f o r  m u l t i p l e  
pop u l a t i ons .  The K r u s k a l - W a l l i s  t e s t  i s merely  a gen er ­
a l i z a t i o n  of  the Wi lcoxon Rank Sum t e s t  f o r  two samples 
to the case of  more than two samples.  The l e v e l  of  a 
used f o r  the Kurska1- U a 11i s , m u l t i p l e  compar ison,  and 
Wilcoxon t e s t s  was 0 . 0 5 .
A problem wi t h  the nonparamet r i c  t e s t s  descr i bed  
above is t h a t  they assume t h a t  the popul a t i ons  being  
compared have equal  v a r i a n c e s .  This  was not  always the 
case in my exper i ment s .  E s p e c i a l l y ,  the auxi  n - t r e a t e d  
popul a t i ons  had a much g r e a t e r  va r i a nc e  than c o n t r o l s  
and o t he r  t r e a t m e n t s .  When exper iments  having popul a t i ons  
wi th unequal  va r i ances  were to be a n a l y z e d ,  the popul a ­
t i ons  were d i v i d e d  i n t o  2 groups,  one group wi t h  low 
var i ance  and one w i t h  high v a r i a n c e .  The low v a r i a nc e  
popul a t i ons  in these cases would always be s h o r t e r  in 
growth than the high v a r i a n c e  p o p u l a t i o n s .  The h i ghest  
ranking low v a r i a nc e  p o p u l a t i o n  was compared to the 
l owest  rank i ng high v a r i a nc e  p o p u l a t i o n  by means of  the  
Ko 1mogorov-SmirnoV t e s t  ( H o l l a n d e r  and Wol fe ,  1 973 ) .
An example o f  t h i s  t e s t  appears in Appendix A I I .  This  
nonparametr i  c t e s t  makes no assumpt ion of  equal  v a r i a n c e .
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but only  2 p opul a t i ons  can be t e s t e d  a t  one t i me.  The 
high va r i a nc e  p opul a t i ons  were then compared to each o t her  
using the K r u s k a l - W a l l i s  and m u l t i p l e  comparison t e s t  
descr ibed above,  and the low v a r i a n c e  popul a t i ons  were 
analyzed s i m i l a r l y -  I f  an equal  v a r i a n c e  group cons i s t ed  
of  only 2 p o p u l a t i o n s ,  the Wi lcoxon Rank Sum t e s t  was 
used r a t h e r  than the K r u s k a l - W a l l i s  t e s t .  Since,  in 
these cases of  unequal  v a r i a n c e ,  t h r e e  non- independent  
t es t s  were made on the same d a t a ,  a was set  equal  to 0 . 0 1  
f o r  each t e s t .  Thus,  the combined a f o r  a l l  t h r ee  t e s t s  
was less than 0 . 0 5 .
Another  problem of  a n a l y s i s  arose from the design  
of  the p h o t o g r a p h i c a l l y  measured exper i ment s .  An i dea l  
exper i menta l  design would have been to separ a t e  i n d i v i d u a l  
hypocotyls r e c e i v i n g  the same t r e a t m e n t ,  so t h a t  ac t ua l  
measurements o f  change in l engt h  dur ing the t r e a t me n t  
could have been obt a i ned  f o r  each i n d i v i d u a l  segment.  
However,  because of  the survey na t ur e  o f  t h i s  p r o j e c t ,  
i n v o l v i n g  t e s t i n g  numerous f a c t o r s  and combinat ions of  
f a c t o r s  f o r  a b i l i t y  to s t i m u l a t e  e l o n g a t i o n ,  t h i s  design  
was i m p r a c t i c a l .  As an a l t e r n a t i v e ,  I used the Kr us ka l -  
Wa l l i s  t e s t  and the m u l t i p l e  comparison t e s t  to determi ne  
whether any of  the i n i t i a l  groups of  segments were s i g ­
n i f i c a n t l y  d i f f e r e n t .  U n f o r t u n a t e l y ,  in most cases the  
t r e a t ment  groups were i n i t i a l l y  d i f f e r e n t .  This is
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because the accuracy of  c u t t i n g  segments to 5 mm was very  
low f o r  curved segments.  In most of  the exper i ment s ,  
though,  the d i f f e r e n c e s  between the segments i n i t i a l l y  
are much less than the f i n a l  d i f f e r e n c e s  in l ength  due 
to t r e a t me n t s .  A l so ,  in most cases,  the f i n a l  t r e a t me n t  
ranks seem to have no r e l a t i o n s h i p  to the i n i t i a l  ranks.  
However,  because the i n i t i a l  d i f f e r e n c e s  may be i n f l u e n c i n g  
the f i n a l  l engt h  d i f f e r e n c e s  in some cases,  the r e s u l t s  
of  the i n i t i a l  d i f f e r e n c e s  w i l l  be discussed s e p a r a t e l y  
f o r  each exper i ment  where they may be i mp or t a n t .  From a 
comparison of  the i n i t i a l  and f i n a l  t r e a t me n t  d i f f e r e n c e s ,  
i t  was u s u a l l y  p o s s i b l e  to obt a i n  a f a i r l y  c l e a r  p i c t u r e  
of  the response t h a t  occur red .
CHAPTER I I I  
RESULTS
Al though s i n g l e  exper iments  o f t e n  i nc luded combin­
a t i ons  of  f l u o r i d e  t r e a t men t s  and hormone or  ac id t r e a t ­
ments,  f o r  p r e s e n t a t i o n ,  the r e s u l t s  are separated i n t o  
2 se c t i ons :  n a t u r a l  r e g u l a t o r s  o f  e l o n g a t i o n  ( n o n - f l u o r i d e )  
and f l u o r i d e  e f f e c t s  on e l o n g a t i o n .  T h e r e f o r e ,  in some 
cases,  r e s u l t s  are presented as though they are the r e s u l t s  
of  an e n t i r e  ex per i ment ,  whereas the ac t ua l  a n a l y s i s  was 
done on these r e s u l t s  combined wi t h  data from o t her  
t r e a t men t s .  In Appendix A I I I  to F X I ,  the r e s u l t s  of  
s t a t i s t i c a l  t e s t s  are  presented as they were a c t u a l l y  
obt a i ned .  However,  f o r  p r e s e n t a t i o n  of  the r e s u l t s ,  
the t r ea t ment s  o f  i n t e r e s t  ar e  consi dered s e p a r a t e l y  
from the o t he r  t r e a t men t s  wi t h  which they were ana l yzed .
Na t ur a l  Regul a t or s  o f  E l ongat i on
Nat ur a l  r e g u l a t o r s  o f  e l o n g a t i o n  were s t ud i e d  in 
exper iments on s e ed l i ngs  and exc i sed  segments.  Seedl ings  
were grown in v e r m i c u l i t e  throughout  the course of  the 
e x p e r i me n t . These exper iments  sometimes i nvo l ved  e x c i s i n g  
por t i ons  of  the se ed l i ngs  and then measur ing e l o n g a t i o n
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of  the hypocot y l .  Dur ing the exc i sed  segment exper i ment s ,  
the hypocotyl  was excised and then incubated  in a t e s t  
s o l u t i o n .
E n t i r e  Pl ants
E n t i r e  p l a n t  s t ud i e s  inc luded (1 )  the t ime course of  
e l ongat i on  in the i n t a c t  p l a n t ,  ( 2 ) the r o l e  of  the mega-  
gametophyte,  coty ledons and ap i ca l  meri  s tem on e l o n g a t i o n ,  
and ( 3 )  the i_n vi vo e l o n g a t i o n  of  the hypocotyl  region  
immediately  below the c o t y 1edonary node.
F i r s t ,  the t ime course of  e l o n g a t i o n  was determined  
to provide a basis f o r  the s e l e c t i o n  o f  seed l i ngs  f o r  
exper iments on excised hypocotyl  segments.  E l ongat i on  of  
i n t a c t  seedl ings is g r e a t  dur ing the per i od  from two to 
f i v e  days a f t e r  ger mi na t i on  ( F i g u r e  9 ) .  The chosen age 
f o r  ex c i s i o n  of  a 5 mm hypocotyl  segment was t h r ee  days 
a f t e r  g e r m i n a t i o n ,  s i nce  t h i s  was w i t h i n  the per i od of  
rapid e l o n g a t i o n ,  and growth of  the hypocotyl  to a t  l e a s t  
5 mm could be expected a t  t h i s  t i me .
Tota l  growth of  se ed l i ngs  was u n a f f e c t e d  by removal  
of  the megagametophyte a f t e r  the hypocotyl  had grown 1 cm 
( F igure  9 ) .  The removal  o f  the coty l edons and a p i c a l  
meri stem had no e f f e c t  on e l o n g a t i o n  f o r  f our  days 
(F igur e  2 ) .  However , a f t e r  f o u r  days no subsequent  
growth occur red.  An a t t e mpt  was made to r e p l a c e  the 
cotyledons and a p i c a l  meri  stem wi t h  auxin in agar  drops
F i g ur e  9 .  Growth curve f o r  e n t i r e  s e e d l i n g s  f rom t he  
day of  g e r m i n a t i o n  (Day 0)  t o  10-11 days a f t e r  g e r m i n ­
a t i o n .  Hypocotyl  l e n g t h  i s  shown f o r  i n t a c t  s e e d l i n g s  
( • )  , s e e d l i n g s  minus the  megagametophyt e  ( a ) ,  and 
s e e d l i n g s  minus the megagametophyt e ,  a p i c a l  mer i  stem 
and c o t y l e do ns  (o).
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a p p l i e d  to the cut  sur f a ce  of  the hyp oc ot y l .  No s i g n i f i c a n t  
d i f f e r e n c e  in hypocotyl  e l o n g a t i o n  was found,  using a t  
t e s t ,  but  t h i s  may be due to the i naccur acy of  the measur­
ing t ec hn i que .  A drama t i c  morphol ogi ca l  e f f e c t  was p r o ­
duced by auxin a t  10 ' ^  M in t h i s  exper i ment .  The h y p o c o t y l , 
i ns t ead  of  growing s t r a i g h t  and e r e c t  as usua l ,  was more 
wavy in morphology.  I t  appeared t h a t  i f  the hypocotyl  
was growing e r e c t  at  the t ime o f  auxin a p p l i c a t i o n ,  i t  
subsequent ly  bent  and began to grow downwards.  I f  the  
hypocotyl  hook was s t i l l  p resent  a t  the t ime of  auxin  
a p p l i c a t i o n ,  the hypocotyl  responded by bending upwards.  
Subsequent auxin a p p l i c a t i o n  r e s u l t e d  in a wavy h y p o c o t y l . 
The hypocoty ls  a l so  appeared t h i c k e r  than those of  the  
ot her  t r e a t m e n t s .  The lower  auxin c o n c e n t r a t i o n s ,  10 ^
-  Q
and 10 M, and the c o n t r o l  d id  not  have any e f f e c t  on 
hypocotyl  morphology.
The i_n v ivo e l o n g a t i o n  response of  5 mm of  hypocotyl  
t i s s u e  i mmedia te l y  below the coty l edona ry node was 
observed f o r  f u t u r e  comparison wi t h  the e l o n g a t i o n  of  
excised hypocotyl  segments ( F i g u r e  1 0 ) .
Excised Segments
A u x i n . E l onga t i on  of  exc i sed  hypocotyl  segments 
was enhanced by NAA ( F i g ur e s  11 and 1 2 ) .  A l l  auxin  
t rea t ment s  were s i g n i f i c a n t l y  d i f f e r e n t  from the cont r o l  
using the Ko 1mogorov-Smirnov t e s t  (Appendix A I I I ) .  The
F i g u r e  10.  Hi s tograms showing the  e l o n g a t i o n  i j i  v i v o  
of  the 5 mm s e c t i o n  o f  hypoc ot y l  t i s s u e  i m m e d i a t e l y  
below t he  c o t y l e d o n a  ry node.  (A)  5 mm o f  hypoc ot y l  
marked o f f  3 days a f t e r  g e r m i n a t i o n  and e l o n g a t i o n  
measurement  made 4 days a f t e r  g e r m i n a t i o n .  (B)  Same 
as A except  e l o n g a t i o n  measured f rom day 2 to day 3.  
Each symbol r e p r e s e n t s  one i n d i v i d u a l .
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F i g u r e  11.  Hi s tograms f o r  hypocot y l  segment l e n g t h  
a f t e r  i n c u b a t i o n  f o r  24 hrs in 1 0 “^ ,  1 0 " ° ,  and 10“ °  M 
NAA s o l u t i o n s  in 0 . 001 M phosphate b u f f e r ,  pH 6 and 
c o n t r o l  phosphate b u f f e r  a l o n e .  Lengths a r e  rounded  
to the n e a r e s t  0 . 5  mm.
Number o f hypocotyls 
10-1
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F i g u r e  12.  Segments a f t e r  24 hrs i n c u b a t i o n  in  10"^ M 
NAA (N24)  and 0 . 001 M phosphate b u f f e r  ( B 2 4 ) .
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-  810 M NAA t r e a t m e n t  produced s i g n i f i c a n t l y  less e l o ng a t i o n  
than the 10  ̂ M NAA t r e a t me n t  using the m u l t i p l e  comparison  
t e s t .  However,  the 10 M t r e a t me n t  was not s i g n i f i c a n t l y  
d i f f e r e n t  from e i t h e r  o f  the o t he r  two auxin t r e a t me n t s .
The optimum c o n c e n t r a t i o n  f o r  e l o ng a t i o n  in t h i s  system 
appears to be appr o x i ma t e l y  10"^ M. E l ongat i on  of  the  
segments i ncubated in auxin s o l u t i o n s  appears to be 
s i m i l a r  in magni tude to e l o ng a t i o n  of  the corresponding  
region in the i n t a c t  p l a n t  ( F i gur es  10 and 11) .  The 
hypocoty ls  i ncubated in auxin s o l u t i o ns  seemed to have 
more of  a tendency to curve than those in the cont r o l  
( F i g u r e  1 2 ) .  This curv i ng reduced the accuracy of  measure­
ment,  s ince the photographic  technique was not used f o r  
t h i s  exper i ment .  T h e r e f o r e ,  i t  is d i f f i c u l t  to compare 
d i r e c t l y  the iji v ivo hypocotyl  e l o nga t i o n  wi th  the excised  
segment e l o n g a t i o n  in auxin s o l u t i o n s .  Al so,  some v a r i a ­
t i o n  in e l o n g a t i o n  occurred between c o n t r o l s  from d i f f e r e n t  
exper i ment s .  Because of  t h i s  v a r i a t i o n ,  comparison of  
r e s u l t s  from d i f f e r e n t  exper iments is only  approx i mat e ,  
even when the photographic  technique is used.
When hypocotyl  segments wi t h  a t t ached  cotyledons  
were incubated in auxin s o l u t i o n s ,  r e s u l t s  were s i m i l a r  
to those obt a i ned  wi th  hypocotyl  segments a l one .  However,
_ g
no e l o n g a t i o n  response occurred in the 10 M NAA s o l u t i o n .  
The response was again g r e a t e s t  in 10  ̂ M NAA, but ,  as
46
wi t h  hypocoty ls  a l one ,  the responses a t  10’  ̂ M and 10"^ M 
were not s i g n i f i c a n t l y  d i f f e r e n t .  The magni tude of  e l o n ­
ga t i on  in both c o n t r o l  and auxin t r e a t ment s  was unchanged 
by the co t y l e dons .
An i ncr ease  in the r a t e  o f  e l o n g a t i o n  in response  
to auxin by the exc i sed hypocotyl  segments did not  occur  
u n t i l  120  mi n (2  h r )  a f t e r  the beginning of  i nc uba t i on  
in 10”  ̂ M auxin ( F i g u r e  13) .
A c i d . E l ongat i on  of  i n t a c t  hypocotyl  segments was 
not s t i m u l a t e d  by 0.01 M c i t r a t e  b u f f e r  a t  low pH. When 
segments were s p l i t  in h a l f  l o n g i t u d i n a l l y ,  they responded 
to low pH, w i t h  the optimum response a t  pH 3 ( F i g ur e  1 4 ) .
The response a t  pH 3 was s i g n i f i c a n t l y  g r e a t e r  than the  
response a t  pH 5 and 6 , using the m u l t i p l e  comparison 
t e s t  (Appendix B I ) .  The pH 4 response was g r e a t e r  than 
t h a t  a t  pH 6 . Thus,  t her e  seems to be a i nc r e a s i n g  
s t i m u l a t i o n  o f  e l o n g a t i o n  as the pH is 1owered from 6 to 
3. Since the i n i t i a l  average rank sums f o r  the t r ea t ment s  
are in the same or der  as the f i n a l  ones (Appendix B I )  
the v a l i d i t y  o f  these r e s u l t s  might  be quest i oned .  However,  
segments in the pH 5 and pH 3 t r e a t m e n t  groups are not  
s i g n i f i c a n t l y  d i f f e r e n t  to begin w i t h ,  but  the segments 
in the pH 3 t r e a t m e n t  have become s i g n i f i c a n t l y  l onger  
than the pH 5 segments a f t e r  24 hr o f  i nc u b a t i o n  (Appendix  
B I ) .  T h e r e f o r e ,  t h e r e  does seem to be a rea l  response  
at  pH 3.
F i gur e  13.  Time course o f  e l o n g a t i o n  o f  h y poc ot y l  
segments in 10"^ M NAA in 0 . 001  M phosphate  b u f f e r ,  
pH 6 ( ♦ )  and c o n t r o l  phosphate b u f f e r  a l o ne  ( • ) .
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F i g u r e  14.  Hi s tograms f o r  l e n g t h s  o f  l o n g i t u d i n a l l y  
s p l i t  hypocot y l  segments i n c u b a t e d  in 0 . 01  M c i t r a t e  
b u f f e r ,  pH 6 , 5,  4 ,  and 3,  f o r  24 h r s .  Lengths a r e  
rounded to the n e a r e s t  0 . 5  mm. (o) b e f o r e  i n c u b a t i o n  
and ( # )  a f t e r  i n c u b a t i o n .
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The pH 3 t r e a t e d  s p l i t  segments,  in a d d i t i o n  to 
showing i ncreased  e l o n g a t i o n ,  were y e l l o w  r a t h e r  than 
green,  l i k e  the segments in o t he r  t r e a t m e n t s .  There was 
al so a loss o f  t u r g i d i t y  in the pH 3 t r e a t men t  a f t e r  
24 hrs.
When hypocotyl  segments were s l i t  l o n g i t u d i n a l l y  
and a s p i r a t e d  1 mi n in the t e s t  s o l u t i o n ,  e l o n g a t i o n  was 
s t i mu l a t e d  ( F i g u r e  15 ) .  Maximum s t i m u l a t i o n  was a t  pH 3,  
as in the s p l i t  hypocotyl  exper i ment .  This t ime the 
i n i t i a l  l engths did not present  a problem,  s ince the pH 
3 t r e a t ment  group was i n i t i a l l y  the s h o r t e s t  and the pH 
6 group i n i t i a l l y  l ongest  (Appendix B I I ) .  Though the  
pH 3 segments s t a r t e d  out  the s h o r t e s t ,  they were s i g ­
n i f i c a n t l y  l onge r ,  using the m u l t i p l e  comparison t e s t ,  
than the segments of  any o t he r  t r e a t me n t  a f t e r  24 hr of  
i n c u b a t i o n .  The magni tude of  the response,  expressed  
as i ncr ease  in mean l engt h  o f  the pH 3 t r e a t me n t  r e l a t i v e  
to the co n t r o l  (pH 6 ) was 1 .13  mm. This repr esent ed  a 
118% i ncr ease  in e l o n g a t i o n  in the pH 3 t r e a t m e n t ,  using  
the c o n t r o l  as 100%. Seedl i ngs  from the same p l a n t i n g  
were used f o r  an auxin f a s t  response ex per i ment ,  so the  
magni tude of  the auxin and ac i d  responses can be compared 
a p p r o x i m a t e l y . The a u x i n - t r e a t e d  segments e l onga t e  to 
an average l engt h  1 . 9  mm g r e a t e r  than the mean co n t r o l  
l e n g t h ,  or  127%. However,  the c o n t r o l s  themselves are
F i g u r e  15.  Histograms f o r  l e n g t h s  o f  s l i t  and a s p i r a t e d  
hypocoty l  segments a t  i n i t i a t i o n  o f  i n c u b a t i o n  (o) and 
a f t e r  24 hours o f  i n c u b a t i o n  ( • )  in 0 . 01  M c i t r a t e  b u f f e r  
a t  pH 3 ,  4 ,  5 ,  and 6 . Measurements were rounded t o  the  
n e a r e s t  0 . 5  mm.
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very d i f f e r e n t .  The growth in 0.1 M c i t r a t e  b u f f e r  a t  
pH 6 , used as a c o n t r o l  f o r  the ac i d  exper iment  was 
depressed when compared to growth in the 0 . 0 0 1  M phosphate 
b u f f e r .  In f a c t ,  the s t i m u l a t i o n  a t  pH 3 produced seg­
ments only s l i g h t l y  longer  than those of  the phosphate  
b u f f e r  c o n t r o l ,  the r e s p e c t i v e  means being 7 . 4  mm and 
7.0  mm.
S l i t  segments incubated  a t  pH 3 l o s t  t u r g o r  and 
became d i s c o l o r e d .  The ends of  segments and sometimes 
whole segments appeared y e l l o w  or y e l l o w i s h  beige in c o l o r
Gi b b e r e 11i n . No e f f e c t  o f  GA^ on e l o n g a t i o n  of  
excised hypocoty ls  was found ( F i g u r e  16,  Appendix C I ) .
The t r e a t men t s  a t  10 10~^ and 10”  ̂ M were not  s i g n i f ­
i c a n t l y  d i f f e r e n t  from the c o n t r o l  using the Kr uska l -  
W a l l i s  t e s t .  No response to GA  ̂ was obt a i ned  in e x p e r i ­
ments a t  the same GAg c o n c e n t r a t i o n s  using hypocotyl  
segments wi t h  a t t a ch ed  cot y l edons or  segments i ncubated  
in the f l a s k  wi t h  i s o l a t e d  exc i sed  coty ledons (Appendix  
C I I  and C I I I ) .  GA  ̂ had no e f f e c t  on the response of  
segments to 10"^ M NAA (Appendix C I ) .
Cheesed  o t h . An unexpected s t i m u l a t i o n  of  e l o n g a t i o n  
by cheesec l o t h  was found.  When the f a s t  auxin response  
exper iment  was per formed using che es ec l o t h  incubated  
with the hypocoty l  segments,  the c o n t r o l  segments
F i g u r e  16.  Histograms f o r  l e n g t h s  o f  h ypoc ot y l  segments  
a f t e r  i n c u b a t i o n  f o r  24 hrs in 1 0 “ ^ ,  1 0 “ ° ,  and 1 0 “ ° M 
6 A3 s o l u t i o n s  in 0 . 001  M phosphate  b u f f e r  and c o n t r o l  
phosphate b u f f e r  a l o n e .  Lengths ar e  rounded t o  t he  
n e a r e s t  0 . 5  mm.
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el ongat ed  as much as the auxin t r e a t e d  segments.  The 
exper iment  was repeated t w i c e ,  and r e s u l t s  were the same 
whether  cheesec l o t h  was used f o r  the f a s t  response 
exper iment  or merely  incubated wi t h  the segments f o r  
24 hr .  Typ i ca l  r e s u l t s  appear  in Appendix D. The mean 
change in l engt h  caused by cheesec l o t h  r e l a t i v e  to the 
cont ro l  is 2 . 74  mm, or 149%. An auxin exper iment  from 
the same p l a n t i n g  showed a 1.91 mm i nc r e as e  over the 
c o n t r o l ,  which r e pr es ent ed  133%. Thus,  the cheesecl oth  
response is a t  l e a s t  as l a r g e  in magni tude as the auxin  
response and perhaps g r e a t e r .  Any auxin response in the 
presence of  che es ec l o t h  is compl e t e l y  obscured;  i nc uba t i ng  
in cheesec l ot h  wi t h  auxin does not  produce more e l onga t i on  
than wi t h  cheesec l o t h  a l one (Appendix D) .
Absc i s i c A c i d . In an a t t e mpt  to determine whether  
the cheesec l o t h  e f f e c t  r e s u l t e d  from cheesec l ot h  being  
a source o f  ABA, the response o f  the hypocotyl  segments 
to ABA was t e s t e d .  Though t her e  was a s l i g h t  s i g n i f i c a n t  
s t i m u l a t i o n  o f  e l o n g a t i o n  using the m u l t i p l e  comparison  
t e s t  (Appendix E) ,  the response was f a r  from being as 
grea t  in magni tude as the ch e es ec l o t h  e f f e c t .  In f a c t ,  
the magni tude o f  the response,  0 . 3 6  mm or 106% mean e l o n ­
gat i on r e l a t i v e  to the c o n t r o l ,  could e a s i l y  be a v a r i a t i o n  
due to chance.
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F l u o r i d e  E f f e c t s  on E l onga t i on
Sodi urn F l u o r i d e
E n t i r e  P l a n t s . When se ed l i ngs  were t r a n s f e r r e d  two
days a f t e r  ger mi na t i on  to agar  s l a n t s  c o n t a i n i n g  10
10~^,  10” ^, and 10”  ̂ M NaF, no e f f e c t  on growth was
- 7 3observed in the range from 10” to 10” M NaF. El ongat i on  
of  hypocot y l s ,  r o o t s ,  and coty l edons was measured. Only 
10”  ̂ M NaF s i g n i f i c a n t l y  i n h i b i t e d  e l o n g a t i o n  of  a l l  
par ts  measured ( F i g u r e  17,  Appendix F I ) .  The seedl i ngs  
t r a n s f e r r e d  to 10”  ̂ M NaF remained the same l engt h  as 
they were when t r a n s f e r r e d  ; no e l o n g a t i o n  occur red in 
the s l a n t .  Resul ts  were s i m i l a r  when seeds were germinated  
on agar  s l a n t s  w i t h  NaF. In t h i s  case ,  the 10”  ̂ M seeds 
f a i l e d  to ger mi na t e ,  so again no growth at  a l l  was observed  
at  t h i s  c o n c e n t r a t i o n .  Other  NaF t r e a t me nt s  showed no 
e f f e c t  on e l o n g a t i o n  in the g er mi na t i on  exper i ment .
Excised Segments. No e f f e c t  on e l o n g a t i o n  was
-1  -  8observed wi t h  NaF in the range from 10” M to 10 M 
(F igur e  11,  Appendix F I I ,  Appendix A I ) .  At  a concen­
t r a t i o n  of  10”  ̂ M, e l o n g a t i o n  was i n h i b i t e d  ( F i g ur e  18) .  
This i n h i b i t i o n  was s i g n i f i c a n t  using the m u l t i p l e  com­
par ison t e s t .  These r e s u l t s  agree wi t h  r e s u l t s  from 
seedl ings grown in s l a n t s .
F i g u r e  17,  R e p r e s e n t a t i v e  s e e d l i n g s  grown in  f l u o r i d e  
agar  s l a n t s .  The f i r s t  number in the  l a b e l  f o r  each 
p l a n t  i s  the n e g a t i v e  log o f  the NaF c o n c e n t r a t i o n ,  
e x ce p t  f o r  the c o n t r o l  numbered 0.  The second number  
is the s e e d l i n g  i d e n t i f i c a t i o n  number.  Growth was the  
same as the c o n t r o l  in a l l  c o n c e n t r a t i o n s  o f  NaF 
except  1 0 ‘ 1 M.
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m
F i g u r e  18.  Hi s tograms f o r  hypoc ot y l  segment  l e n g t h s  
be f o r e  i n c u b a t i o n  (O) and a f t e r  24 hrs i n c u b a t i o n  in  
1 0 - T ,  1 0 - 2 ,  1 0 - 3 , and l Q - 4  M NaF s o l u t i o n s  in 0 . 0 00 1  M 
phosphate b u f f e r  and c o n t r o l  phosphate  b u f f e r  a l o n e .  
Lengths a r e  rounded to the n e a r e s t  0 .1 mm.
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To determi ne whether  the i n h i b i t i o n  o f  e l o ng a t i o n  
at  10”  ̂ M NaF might  be an osmot ic e f f e c t ,  an exper iment
- 1 _ Q c
using NaCl a t  c o n c e n t r a t i o n  o f  10~ , 1 0~ , and 10" M 
was done.  No i n h i b i t o r y  e f f e c t  was observed wi t h  NaCl 
(Appendix F I I I ) .  Al though the t r e a t m e n t  wi t h  10"^ M 
NaCl is s i g n i f i c a n t l y  longer  than the c on t r o l  a f t e r  
i n c u b a t i o n ,  i t  was a l so s i g n i f i c a n t l y  longer  before  
i nc u b a t i o n .  T h e r e f o r e ,  t h e r e  is assumed to be no rea l  
s t i m u l a t i o n  o f  e l o n g a t i o n  by NaCl .
When coty l edons were l e f t  a t t a ched  to hypocotyl  
segments i ncubated in NaF, r e s u l t s  were g e n e r a l l y  s i m i l a r  
to those w i t h o u t  a t t a c h e d  c o t y l e dons .  At high c on c e nt r a ­
t i ons  of  NaF, t h e r e  is an i n d i c a t i o n  of  i n h i b i t i o n .
_ 2
Al though the 10" M NaF t r e a t m e n t  is not  s i g n i f i c a n t l y
less than the 5 x 10"^ M t r e a t m e n t  (Appendix F I V ) ,
using the Kolmogorov-Smirnov t e s t  a t  the 0 . 025  l e v e l ,
the d i f f e r e n c e  is s i g n i f i c a n t  a t  the 0 . 0 5  l e v e l .  Thus,
_ 2
the 10" M t r e a t m e n t  can be assumed to be d i f f e r e n t  a t  
the 0 . 025  l e v e l  from the o t h e r  t r e a t m e n t s ,  which are
_ O
g r e a t e r  than the 5 x 10" M t r e a t m e n t .  The general
pa t t e r n  o f  i n h i b i t i o n  o f  e l o n g a t i o n  wi t h  i nc r e a s i n g  NaF
c o nc e nt r a t i on  was s i m i l a r  to r e s u l t s  f rom hypocoty ls
wi t hout  c o t y l e d o n s ,  even though the t h r e s h o l d  concent r a -
_ 2
t i on  in t h i s  exper i ment  might  be h i gher  ( 10  M i ns t ead  
of 1 0 “  ̂ M ) .
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Since a p r e l i m i n a r y  exper i ment  had i n d i c a t e d  a s l i g h t  
s t i m u l a t i o n  in e l o n g a t i o n  by NaF when cotyledons were 
l e f t  a t t a c h e d ,  in d i s agr e emt n t  wi t h  the r e s u l t s  j u s t  
des cr i bed ,  anot her  exper i ment  was done to deal  wi th  t h i s  
c o n f l i c t .  This t i me ,  data were kept  on the change in 
l ength of  i n d i v i d u a l  segments exposed to e i t h e r  NaF or  
cont ro l  s o l u t i o n s .  This design reduced v a r i a t i o n  in 
f i n a l  l ength due to i n i t i a l  l ength  d i f f e r e n c e s .  The 
r e s u l t s  showed a s l i g h t  but  s i g n i f i c a n t  i n h i b i t i o n  wi th  
NaF a t  5 X 10 ' ^  M, using the Wi lcoxon Rank Sum t e s t .
Age o f  se ed l i ngs  used as sources of  hypocotyl  segments 
was a v a r i a b l e  which could have been i mpor t ant  in the NaF 
e f f e c t .  Perhaps younger  se ed l i ngs  could have been more 
s e n s i t i v e  to NaF. When se ed l i ng s  two days a f t e r  germin­
a t i on  were used (one day younger  than those used f o r  o t her
ex pe r i me nt s ) ,  no s i g n i f i c a n t  e f f e c t  on e l o n g a t i o n  was
- 4found wi t h  NaF a t  5 x 10 M. The Wi lcoxon Rank Sum t e s t  
was used.
I s o l a t e d  cot y l edons were a l so  i ncubated wi th  hypocotyls  
in NaF s o l u t i o n s  a t  10*^ ,  10 and 10  ̂ M. In both 
cont inuous l i g h t  and cont inuous darkness,  the t h r ee  con­
c e n t r a t i o n s  of  NaF had no e f f e c t  on hypocotyl  e l o n g a t i o n ,  
using the m u l t i p l e  comparison t e s t  (Appendix C I I I  and 
C I V ) .
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-  4When GAg a t  10 M was used in combinat ion wi th  NaF 
as a t r e a t m e n t  s o l u t i o n ,  the r e s u l t s  were the same as
wi th  NaF a lone in the range o f  c o n c e n t r a t i o n s  from 10~^
to 10"^ M (Appendix F VI and C I ) .  When GA  ̂ at  10”  ̂ to 
1 0 ~® M was added to NaF at  10"^ to 10“  ̂ M, no e f f e c t  on 
e l onga t i o n  was found (Appendix C I ) .  Al though the lowest  
t r e a t m e n t ,  10  ̂ M GA  ̂ wi t h  10"^ M NaF was s i g n i f i c a n t l y  
less than two o f  the t r e a t men t s  and the c o n t r o l ,  the  
v a r i a t i o n  observed in t h i s  exper iment  seems to be due to 
chance.  No gradual  change in e f f e c t  wi t h  a change in 
c o n c e n t r a t i on  was found.  Treatments very close in con­
c e n t r a t i o n  were s i g n i f i c a n t l y  d i f f e r e n t ,  wh i l e  t rea t ment s  
more d i f f e r e n t  in c o n c e n t r a t i o n  were not .  For example,
10"^ M GAg wi t h  10~^ M NaF was d i f f e r e n t  from 1 0 ^  M GA^
wi th 10  ̂ M NaF. However , the former  was not d i f f e r e n t
o
from GAg 10" M w i t h o u t  NaF. Any at t empt  to show a 
response p a t t e r n  was f u t i l e  because of  the l ack of  
s i g n i f i c a n c e  of  the d i f f e r e n c e s  o f  almost  a l l  responses  
in t h i s  ex per i ment .  The same i n t e r p r e t a t i o n  a p p l i e d  to 
the exper iments  wi t h  GAg and NaF using segments wi t h  
unat tached c o t y l e do ns .  Al though t h e r e  were severa l  
s i g n i f i c a n t  d i f f e r e n c e s ,  the o v e r l a p  of  i n s i g n i f i c a n t  
d i f f e r e n c e s  was too g r e a t  to show any response (Appendix  
C I I I  and C I V ) .  These exper i ments  appeared to show no 
response a f t e r  24 hr o f  i n c u b a t i o n ,  so i ns t ead  of  measuring
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at  t h i s  t i me ,  they were a l l owed to i ncubate  longer  to 
determi ne whether  a response might  occur .  However,  even 
a f t e r  the longer  i nc u b a t i o n  t i me ,  a response could not  
be d e t e c t e d .
When NAA a t  10~^ M was added to NaF at  a range from
10 to 10 M, an auxin response was obta ined wi th  1 0 "
and 10  ̂ M NaF (Appendix F V I I ) .  The auxin response a t
both of  these NaF c o n c e n t r a t i o n s  was s i g n i f i c a n t l y
g r e a t e r  than the c o n t r o l ,  using the Kolmogorov-Smirnov
- 4t e s t .  The auxin response wi t h  10 M NaF was s i g n i f i c a n t l y
_ O
g r e a t e r ,  however ,  than t h a t  wi t h  10~ M NaF, using the 
Wilcoxon Rank Sum t e s t  a t  the 0.01 l e v e l .  An i n h i b i t i o n
of  the a u x i n - i nduc e d  s t i m u l a t i o n  of  e l o ng a t i o n  occurred
- 2at  a c o n c e n t r a t i o n  o f  10" M NaF. This t r e a t ment  was
s i g n i f i c a n t l y  l ess than the c o n t r o l ,  using the m u l t i p l e
comparison t e s t .
- 4 - 8Sodium f l u o r i d e  a t  10" to 10" M was also t es t e d  
in combinat ion w i t h  10"^ to 10  ̂ M NAA. The NaF had no 
e f f e c t  on the NAA response when 10  ̂ and 10  ̂ M NAA were 
t es t ed .  However,  the auxin s t i m u l a t i o n  of  e l o n g a t i o n  
observed wi t h  10"^ M NAA was l o s t  when NaF was added at
10"^,  10"^ or 10"® M (Appendix A I ) .
The p o s s i b i l i t y  was consi dered  t h a t  the p l a n t  might  
r e qu i r e  some p e r i o d  of  p r e t r e a t m e n t  to f l u o r i d e  before  
a f 1uor i  d e - i nduced s t i m u l a t i o n  o f  the auxin response
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could be observed.  When seed l i ngs  were grown in 10” ^,
10“ ^, and 10"^ M NaF agar  s l a n t s  f o r  t h r ee  days before  
the hypocotyl  segments were excised and incubated in 1 0 "^
M NAA, no change in response was observed (Appendix F V I I ) .  
The auxin t r e a t e d  segments were d i f f e r e n t  from the cont ro l  
segments using the Kolmogorov-Smirnov t e s t .  The auxin  
t rea t ment s  were equal  using the m u l t i p l e  comparison t e s t .  
The c on t r o l  segments from s l a n t s  wi t h  d i f f e r e n t  f l u o r i d e  
conc e nt r a t i ons  were a lso  equal  to the cont ro l  from a 
s l a n t  w i t h o u t  f l u o r i d e .
The e f f e c t  o f  NaF a t  a range from 10”  ̂ to 10~^ M on 
the acid response using c i t r a t e  b u f f e r  was t e s t e d .  In 
t h i s  ex per i ment ,  the pH optimum f o r  e l o nga t i on  was 4 
(Appendix F I X ) .  No s t i m u l a t i o n  o f  e l ong a t i on  by f l u o r i d e  
in combinat ion wi t h  ac i d  was observed.  Ad d i t i on  of  NaF 
at  a l l  t h r ee  c o n c e n t r a t i o n s  negated the observed s t i m u l a ­
t i on at  pH 3. A l so ,  the pH 4 t r e a t m e n t  wi th  NaF at  10~®
M was the same as the c o n t r o l  and the pH 3 t r ea t ment s  
with NaF. At pH 3,  74% o f  the HF formed by the a s s o c i a t i o n  
of  NaF wi t h  wat er  w i l l  be in u n d i s s o c i a t e d  form,  as c a l ­
cu l a ted  using the Hender son-Hasse lba l ch  equat i on  (Handbook 
of Chemist ry and Phys i cs ,  1971;  Murphy and Rousseau,  1969;  
Rendina,  1971 ) .  T h e r e f o r e ,  the f l u o r i d e  e f f e c t  a t  t h i s  
pH Is due p r i m a r i l y  to HF r a t h e r  than F . At pH 4,  the  
HF is 22% u n d i s s o c i a t e d ,  so HF i s  i mpor t an t  a t  t h i s  con­
c e n t r a t i o n  a l s o .
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Hydrogen F l u o r i d e . When hypocotyl  segments wi th  
at tached cot y l edons were t e s t e d ,  a s t i m u l a t i o n  of  e l on -  
gat i on by HF was not  observed ( F i g u r e  1 9 ) .  No s i g n i f i c a n t  
e f f e c t  on e l o n g a t i o n  was obt a i ned  from pH 5 . 5  to pH 4,  
using the m u l t i p l e  comparison t e s t  (Appendix F X) .  The 
response at  pH 3 was not  d i f f e r e n t  from t h a t  a t  pH 5 . 5 ,  
using the K i 1mogorov-Smirnov t e s t .  The pH 5 .5  t r ea t ment  
had the lowest  rank sum of  a l l  the t r ea t ment s  in the pH 
range from 5 . 5  to 3 . 5 .  Thus,  pH 3 segments may s t i l l  be 
s h o r t e r  than those of  o t h e r  t r e a t m e n t s .  Using the 
Wilcoxon Rank Sum t e s t ,  the segments i ncubated a t  pH 2 . 5  
are s i g n i f i c a n t l y  s h o r t e r  than the pH 3 segments.  Since  
pH 3 is the s h o r t e s t  of  a l l  the o t h e r  t r e a t m e n t s ,  the 
pH 2 .5  segments must be s i g n i f i c a n t l y  s h o r t e r  than a l l  
t r ea t ment s .  The h is togram ( F i g u r e  19) shows e l onga t i on  
to be almost  co mpl e t e l y  i n h i b i t e d  in the pH 2 ,5  s o l u t i o n .  
The e f f e c t  i s a t  l e a s t  as dramat i c  as t h a t  caused by 
10~^ M NaF. Thus,  pH 2 . 5  HF, which re pr es ent s  a 9 x 10 ^
M c o n c e n t r a t i o n  is as e f f e c t i v e  an i n h i b i t o r  as NaF at  
approxi mate l y  10 t imes t h i s  c o n c e n t r a t i o n .
Dramat ic c o l o r  changes were observed in t h i s  e x p e r i ­
ment. The segments i ncubat ed  at  pH 2 . 5  were e n t i r e l y  
di sco l or ed  to a beige c o l o r .  A loss o f  t u r g or  was also  
ev i dent .  The segments t r e a t e d  a t  pH 3 were ye l l ow at  
the ends and green in the mi dd l e .
F i g u r e  19.  Hi s tograms f o r  hypocot y l  segments w i t h  
a t t a c h e d  c o t y l e d o n s  b e f o r e  (o) and a f t e r  2 4 hrs ( • )  
of  i n c u b a t i o n  in HP a t  pH 5 ,  4 ,  3 ,  and 2 . 5 ,  and c o n t r o l  
d i s t i l l e d  w a t e r .  Lengths a r e  rounded to  t he  n e a r e s t  
0 . 2  mm. Thi s  f i g u r e  shows r e s u l t s  f rom r e p r e s e n t a t i v e  
t r e a t m e n t s .  For r e s u l t s  o f  the compl e t e  e x p e r i m e n t ,  
see Appendix F X.
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Hypocotyl  segments s l i t  l o n g i t u d i n a l l y  and a s p i r a t e d ,  
as f o r  the c i t r a t e  b u f f e r  ex per i ment s ,  were also incubated  
in HF s o l u t i o n s .  A range of  pH from 6 to 3 was t e s t e d .
The e l o n g a t i o n  at  pH 3 was s i g n i f i c a n t l y  less than f o r  
the cont r o l  using the m u l t i p l e  comparison t e s t  (Appendix 
F X I ) .  The t r e a t me nt s  a t  pH 4 and 4 . 5  were also s h o r t e r  
than the c o n t r o l .  However,  the pH 4 t r e a t e d  segments 
s t a r t e d  the exper i ment  s i g n i f i c a n t l y  s h o r t e r  than the 
cont ro l  (Appendix F X I ) .  This ex per i ment ,  nonet he l ess ,  
does i n d i c a t e  t h a t  the i n h i b i t i o n  response to HF occurs 
at  a pH h i gher  than 2 . 5  when p e n e t r a t i o n  of  the s o l u t i o n  
is f a c i l i t a t e d .
The c o l o r  change as s oc i a t e d  wi t h  low pH again was 
observed.  The segments a t  pH 3 were e n t i r e l y  b e i g e - c o l o r e d  
or had b e i g e - c o l o r e d  ends.  A loss of  t u r g o r  a lso occur red.
CHAPTER IV 
DISCUSSION
Resul ts  of  the exper iments  wi th  i n t a c t  p l ant s  i n d i c a t e  
t ha t  the megagametophyte has e s s e n t i a l l y  no growth r egu­
l a t o r y  r o l e  a f t e r  the hypocotyl  has achieved a l ength of  
1 cm. The a p i c a l  mer istem and co t y l e dons ,  however,  are  
i mpor t an t ,  s ince t o t a l  growth is decreased when they are  
removed. The growth achieved by d e c a p i t a t e d  s e e d l i n g s ,  
however,  i s  almost  2 / 3  t h a t  o f  the i n t a c t  s e ed l i ng s .  Thus,  
the hypocotyl  and r oo t  system is capable of  some growth 
on i t s  own. The h y p o c o t y l ,  which is p h o t o s y n t h e t i c ,  is a 
source o f  n u t r i e n t s .  The roots may be a source of  the  
hormone g i b b e r e l l i n  (GA) ,  s ince t her e  is evidence t h a t  
GA is s y n t he s i zed  in r oot  t i p s  (Lang,  1970) .  The e f f e c t  
of  the apex and cot y l edons does not seem to be repl aced  
by auxin a p p l i e d  as agar  drops.  I t  seems poss i b l e  t h a t  
the wavy hypocotyl  morphology found a t  the h i ghest  auxin  
c o n c e n t r a t i o n  might  be due to auxin product i on  of  e t h y l e n e .  
Some asymmetr ic d i s t r i b u t i o n  o f  hormones a lso would have 
to occur to produce the unequal  growth of  the two halves  
of the stem,  forming a wave.  The i n d i c a t i o n  t h a t  e t hy l e ne  
might be i nv o l v ed  is t h a t  the hypocoty ls  showing the change
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in morphology a l so  appeared to be l a r g e r  In d iameter  than 
the o t he r  h y p oc ot y l s .  E thy l ene is known to induce l a t e r a l  
s w e l l i n g ,  and i t s  i n h i b i t i o n  of  growth may be a f a c t o r  
in g e o t r o p i c  c u r v a t u r e  o f  roots  (Leopold and Kri  edemann, 
1975) .
Excised hypocotyl  segments o f  ponderosa pine e l ongate  
in response to a u x i n ,  as do hypocotyl  segments from o t her  
pine species ( G i e r t y c h  and For ward , 1966;  Hashizume,  1965a;  
Witkowska-Zuk and Wodz i ck i ,  1970,  and r e f e r ence s  c i t e d  
t h e r e i n ;  Zak r zews k i ,  1975,  and r e f e r e n c e s  c i t e d  t h e r e i n ) .  
C a l c u l a t i n g  from my data and from the publ ished data the  
percent  e l o n g a t i o n  w i t h  auxin r e l a t i v e  to the f i n a l  l ength  
of the c o n t r o l ,  and a l so  r e l a t i v e  to the i n i t i a l  l ength  
of  the segment prov i des  a means f o r  comparing my r e s u l t s  
wi th those of  o t h e r  workers .  Ponderosa pine segments show 
approx i mat e l y  a 127% s t i m u l a t i o n  in growth wi th  auxin  
r e l a t i v e  to the c o n t r o l  as c a l c u l a t e d  from the r a t i o  of  
average f i n a l  l engt h  a f t e r  auxin t r e a t me n t  to the average  
f i n a l  c o n t r o l  l en g t h .  The change in l engt h  dur ing auxin  
t rea t ment  r e l a t i v e  to the i n i t i a l  l engt h  before  t r e a t ment  
is a p p r ox i ma t e l y  93%. The segments almost  double in l ength  
when t r e a t e d  w i t h  auxin f o r  24 hrs.  The reason these  
values are approxi mate  is t h a t  d i f f e r e n t  p l a n t i n g s  of  
seeds grew d i f f e r e n t l y ,  a l t hough an auxin response was 
always obt a i ned  r e l a t i v e  to the c o n t r o l .
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This magni tude of  auxin enhanced growth agrees wi th  
r e s u l t s  obt a i ned  by Hashizume ( 1965a)  wi t h  Pinus n i g r a .
The growth i nc r e as e  c a l c u l a t e d  from his data i n d i c a t e s  a 
97% change in l engt h  r e l a t i v e  to the i n i t i a l  l ength at  
the optimum c o n c e n t r a t i o n  o f  i n do l e a c e t i  c acid ( l AA) .
This c o n c e n t r a t i o n ,  50 mg/1 or ap pr ox i ma t e l y  5 x 10"^ M, 
seems q u i t e  high r e l a t i v e  to my r e s u l t s  and other  r e s u l t s  
discussed below.  However,  t i s s ue s  may respond d i f f e r e n t l y  
to var i ous  aux ins .  As an example,  Pinus si 1v e s t r i  s 
probably is o p t i m a l l y  s e n s i t i v e  to NAA a t  a lower concen­
t r a t i o n  than to lAA ( Z a k r z e w s k i ,  1975 ) .
Using a hypocotyl  segment l engt h  o f  8 to 12 mm, and 
i nc uba t i ng  24 h r s ,  Wi tkowska-Zuk and Wodzicki  (1970)  
obta ined w i t h  Pinus s i 1v e s t r i  s a 121% s t i m u l a t i o n  by lAA 
r e l a t i v e  to the c o n t r o l  ( t h e i r  Table 2) and a 69% lAA 
mediated change in l engt h  r e l a t i v e  to i n i t i a l  l e n g t h ,  
as c a l c u l a t e d  from t h e i r  da t a .  Thus,  e l o ng a t i o n  r e l a t i v e  
to the c o n t r o l  is s i m i l a r  to ponderosa pine but  the change 
in l ength is l e s s .  The optimum response to lAA in Pinus 
si 1v e s t r i  s is a t  a c o n c e n t r a t i o n  of  1 . 0  mg/1 , or almost  
10~^ M. This c o n c e n t r a t i o n  is more than the opt imal  NAA 
conc e nt r a t i on  f o r  ponderosa p i n e ,  a t  appr ox i ma t e l y  10  ̂ M. 
More r e c e n t l y ,  Pinus s i 1v e s t r i  s has been st ud ied  f u r t h e r  
by Zakrzewski  ( 1 9 7 5 ) .  Since he used NAA as an auxin  
source and 4 . 5  mm segments incubated  f o r  20 hrs ,  his
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exper iments  are a lmost  e x a c t l y  comparable to mine.  The 
optimum NAA c o n c e n t r a t i o n  is equal  to t h a t  f o r  ponderosa 
pine.  The s t i m u l a t i o n  by auxin r e l a t i v e  to the c o n t r o l ,  
c a l c u l a t e d  from his d a t a ,  is 125%, which is very c lose to 
my value o f  127%. However,  as in Witkowska-Zuk and Wod­
z i c k i  ( 1 9 7 0 ) ,  the change in l engt h  induced by auxin is 
l ess .  The change in l engt h  c a l c u l a t e d  from Zakrzewski  
(1975)  is 67%. This is l ess than my c a l c u l a t e d  r e s u l t  
of  93%. Perhaps the s t i m u l a t i o n  r e l a t i v e  to the cont r o l  
is a more const ant  v a l u e ,  s i nce  v a r i a t i o n  in growth 
p o t e n t i a l  from exper i ment  to exper iment  w i l l  be r e f l e c t e d  
in the c o n t r o l  as we l l  as the t r e a t m e n t .  Zakrzewski  
(1975,  F i gur e  1) does show v a r i a t i o n  in cont r o l  growth 
between d i f f e r e n t  exper i ment s .
Comparison of  the ponderosa pine response to auxin  
with the response in green pea shows some s i m i l a r i t y .
Cl el  and and Rayle ( 1 975 ) pr esent  data f o r  5 mm pea stem 
segments incubat ed  in lAA f o r  210 min.  Elongat i on  is  
19.2% dur ing the t o t a l  t ime of  i n c u b a t i o n ,  which averages  
to 5 . 5 %/ hr .  The response in ponderosa p i ne ,  93%/24 hr ,  
represents  an average r a t e  of  3 . 8 %/ h r .  Thus,  the response 
in ponderosa pine is o f  a s i m i l a r  o r der  of  magni tude to 
t ha t  in pea.  Yamamoto e t  a l .  ( 1973)  i n d i c a t e  a l ength  
increase o f  2 . 5  mm in 7 mm segments i ncubated f o r  3 hr 
with aux i n .  This is a response of  appr ox i ma t e l y  12%
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i nc r ease  in l engt h  per  h r ,  or  f a s t e r  than r e s u l t s  obta ined  
in pea by Cl el  and and Rayle (1 975)  or in ponderosa pine.
The f a c t  t h a t  both r e s u l t s  wi t h  pea are f a s t e r  than wi th  
ponderosa pine could be due to my averaging auxin response 
over 24 h r s ,  w h i l e  pea t i s s ue s  were i ncubat i ng  f o r  much 
s h o r t e r  t ime p e r i o d s .  Al though the auxin enhanced r a t e  
of  e l o n g a t i o n  is f a i r l y  s t eady ,  Zakrzewski  (1975,  F igure 2 ) 
i n d i c a t e s  t h a t  t h i s  steady r a t e  begins to de c l i n e  a f t e r  
12 hrs o f  i nc ub a t i o n  in NAA. Thus my values f o r  the 
percent  e l o n g a t i o n  per hr are probably  somewhat under ­
est  i mated.
The d i f f e r e n c e  between the two pea responses,  though,  
is d i f f i c u l t  to e x p l a i n .  Yamamoto e t  a l .  (1973)  repor t ed  
r e s u l t s  f o r  peeled segments incubated wi t h  auxin t h a t  are  
q u i t e  s i m i l a r  to Cl el  and and Ra y l e ' s  unpeeled segment  
response and to my ponderosa pine response.  Peeled segments 
elongate 1 . 25  mm in 3 h r ,  or 6 %/hr .  Cl el  and and Rayle  
(1975)  g ive  data f o r  peeled segments a l s o ,  which can be 
converted to 3 . 6 % / h r .  Thus,  Yamamoto et  a l .  ( 1973)  con­
clude t h a t  p e e l i n g  segments reduces the response to aux i n ,  
whi le Cl el  and and Rayle (1 975)  ma i n t a i n  t h a t  the response  
of peeled and unpeeled segments is e s s e n t i a l l y  the same.
The quest i on o f  whether  the ep i dermis  is needed f o r  a 
maximal auxin response in pea remains unresol ved.  I t  
seems t h a t  t h e r e  is v a r i a t i o n  in d i f f e r e n t  crops of  peas
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of  the same v a r i e t y  (Cl  el  and and Ray l e ,  1 975 ) .  Thus,  the 
d i f f e r e n t  responses might  be e x p l a i ne d  by t h i s  v a r i a t i o n .
The ponderosa pine hypocotyl  response seems to be 
wel l  w i t h i n  the range o f  response r e por t e d  f o r  green pea,  
cons i der i ng  the amount o f  v a r i a t i o n  among r e por t s  f o r  
pea as discussed above.
Ponderosa pine hypocotyl  segments showed a s i m i l a r  
response to auxin  whether  cot y l edons were l e f t  a t t ached  
dur ing i nc u b a t i o n  or not .  This may r e l a t e  to the s i m i ­
l a r i t y  o f  the magni tude o f  the 24 hr e l o n g a t i o n  obta ined  
f o r  the 5 mm area below the c o t y 1edonary node in i n t a c t  
plant s  and the e l o n g a t i o n  of  exc i sed hypocotyl  segments 
in s o l u t i o n .  I f  aux in  is given exogenously a t  an opt imal  
c o n c e n t r a t i o n , the p os s i b l e  source of  endogenous aux in ,  
the apex,  is not  r e q u i r e d .  Ap pa r e nt l y  any compounds 
synthesi zed by the cot y l edons a lso do not have an e f f e c t  
on e l o ng a t i o n  in the presence of  aux i n .  I t  seems st range  
t ha t  auxin could not  r e p l a c e  the coty ledons and apex in 
the d e c a p i t a t e d  s e e d l i n g  exper iments  but  does seem able  
to do so in exc i sed  segment exper i ment s .  For some unknown 
reason,  auxin a p p l i e d  in agar  drops to the de c a p i t a t e d  
hypocotyl  produced an abnormal  growth response ( t he  wavy 
hypocoty l )  w h i l e  auxin a p p l i e d  to exc i sed segments shaking  
In a s o l u t i o n  s i mu l a t e d  growth in the i n t a c t  p l a n t .  The 
only c o n d i t i o n  t h a t  seemingly  could be d i f f e r e n t  in the
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two exper iments  is a e r a t i o n .  The exc i sed segments were 
shaken c o n s t a n t l y  in the s o l u t i o n ,  and were presumably wel l  
ae r a t e d .  The agar  drops were moist  and stuck to the cut  
hypocotyl  s u r f a c e ,  c r e a t i n g  a seal  over  the s ur f a ce .  Thus,  
gas exchange in the top regi on  of  the hypocotyl  may have 
been i mpai red .  The auxin response is known to r e q u i r e  
oxygen (Hager e t  a l . ,  1 9 71 ) .  As ment ioned e a r l i e r  in 
the r e s u l t s ,  though,  some curv i ng  was found in excised  
segments t r e a t e d  w i t h  aux i n .  Thus auxin seems to promote 
unequal growth of  the two s ides o f  the hypocotyl  in two 
d i f f e r e n t  systems.  I t  would be i n t e r e s t i n g  to determine  
the cause f o r  t h i s  auxin promoted c u r v a t u r e  in the hypo­
cotyl  .
The l ack of  a f a s t  response in ponderosa pine may be 
due to the i n s e n s i t i v i t y  of  the u t i l i z e d  technique to 
small  i ncrements in growth.  F u r t h e r  k i n e t i c  s tudies  
should be made w i t h  p i ne .
The r e s u l t s  obt a i ned  w i t h  ponderosa pine support  the 
content ion  by C1e 1 and and Rayle ( 1 975)  and by Yamamoto 
et a l .  ( 1973)  t h a t  the c u t i c l e  in l i g h t  grown stems may 
be a b a r r i e r  to i ons .  As in Pinus si  1v e s t r i  s (Wi tkowska-  
Zuk and Wodz i ck i ,  1 9 7 0 ) ,  no response to low pH is obta ined  
in ponderosa pine when the c u t i c l e  and epidermis are i n t a c t .  
S l i t t i n g  the ep i dermis  l o n g i t u d i n a l l y  and a s p i r a t i n g  pro­
duced an ac i d  response comparable to t h a t  obta ined by
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Cl el  and and Rayle (1 975 ) .  They r e p o r t  a r a t e  of  approx­
i ma t e l y  3 . 25%/50 min ( t h e i r  F i gur e  3) which is equal to 
3 . 9 %/ hr .  The ponderosa pine ac i d  response represents  
e l o ng a t i o n  from an i n i t i a l  l engt h  o f  5 . 2  mm to a f i n a l  
l ength o f  7 . 4  mm, a f t e r  24 hours o f  i n c u b a t i o n .  This  
averages to a r a t e  o f  a p p r o x i ma t e l y  2%/hr .  The r a t e  
obtained by Yamamoto e t  a l .  ( 1973)  is f rom 7 . 0  mm to 
7.6 mm in 1 hr ( t h e i r  F i gur e  1) or 1 1 . 7%/ hr .
A comparison of  the magni tudes of  the auxin and acid  
responses in ponderosa pine shows the acid response to 
be less f o r  24 hrs than the auxin  response.  The percent  
s t i m u l a t i o n  by ac i d  r e l a t i v e  to the c o n t r o l  is 118% as 
compared to 127% wi t h  aux i n .  The mean change in l ength  
r e l a t i v e  to the i n i t i a l  l engt h  is 42% f o r  ac id and 93% 
fo r  aux in .
That  the magni tude o f  the 24 hr ponderosa pine acid  
response is lower  than the auxin response and the repor t ed  
values f o r  one hour ac i d  responses in pea is not s u r p r i s i n g  
The acid response is known to d e c l i n e  a f t e r  about two hours 
(Rayle and Cl el  and,  1 9 7 0 ) .  Since the r a t e s  of  the response 
to auxin and ac i d  are  s i m i l a r  dur ing the f i r s t  two hours 
(Evans,  1974)  and the auxin response is mai nta ined at  a 
steady r a t e  f o r  24 h r s ,  the expected r e s u l t  should be an 
average ex t ens i on  o f  ac i d  t r e a t e d  segments a t  2 /24 or  
1/12 of  the r a t e  shown by auxin t r e a t e d  segments.  However,
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the ac id  r a t e  f o r  ponderosa p i n e ,  42%/24 hr ,  is almost  
h a l f  the auxin r a t e  of  93%/24 hr .
Al though b u f f e r  c o n c e n t r a t i o n s  at  0.01 M have not  
been found to i n h i b i t  e l o n g a t i o n  in o t her  s tud ies  (Hashizume,  
1965a;  Rayle and Cl el  and,  1 9 7 0 ) ,  ponderosa pine hypocotyl  
is i n h i b i t e d  by 0.01 M c i t r a t e  b u f f e r  r e l a t i v e  to growth 
in 0.001 M potassium phosphate b u f f e r .  The mean 24 hr  
e l onga t i on  in 0.01 M c i t r a t e  b u f f e r  a t  pH 3,  though much 
g r e a t e r  than e l o n g a t i o n  in the c i t r a t e  b u f f e r  at  pH 6,  
is only s l i g h t l y  g r e a t e r  than e l o n g a t i o n  in 0.001 M pot as ­
sium phosphate b u f f e r ,  pH 6.  The spontaneous growth in 
the b u f f e r s  w i t h o u t  exogenous auxin may be due to the 
a b i l i t y  o f  the segments to s y n t h e s i z e  t h e i r  own auxin.
Evans (1973)  s t a t e s  t h a t  the most l i k e l y  e x p l a na t i o n  f o r  
spontaneous growth r a t e  i nc r e as e  in Avena and corn is the 
" r e ge ne r a t i o n  o f  a p h y s i o l o g i c a l  t i p "  by the segments,  
which occurs about  f o u r  hours a f t e r  the segments have 
been cut .  This p h y s i o l o g i c a l  t i p  has the a b i l i t y  to 
synthesi ze  aux i n .  Auxin enhanced e l o n g a t i o n  is known to 
be i n h i b i t e d  in the presence of  st rong neut r a l  b u f f e r s  
(Durand and Ray l e ,  1 9 7 3 ) .  In Avena, they r e p o r t  t h a t  a 
b u f f e r  a t  pH 6 . 2  must be a t  a c o n c e n t r a t i o n  less than 
5 mM i f  i t  i s  to a l l o w  the auxin response to occur unim­
pai red.  Thus,  any response to endogenous auxin occur r i ng  
in the pine hypocoty l  segments would be expected to be
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i n h i b i t e d  by the c i t r a t e  b u f f e r  a t  0.01 M. The l ack of  
an i n h i b i t i o n  o f  spontaneous e l o n g a t i o n  in o t her  studies  
mentioned above,  using st rong b u f f e r s ,  may be exp l a i ned  
by the i m p e r m e a b i l i t y  o f  the c u t i c l e  to the b u f f e r  s o l u ­
t i o n s .  With the c u t i c l e  p r o t e c t i n g  the i n t e r n a l  t i s s u e ,  
the auxin would s t i l l  be ab l e  to lower the pH of  the 
c e l l  wal l  region s u f f i c i e n t l y  to induce wal l  l oosening.  
However,  wal l  l oosening would not  occur  in s l i t  segments,  
since the pH 6 b u f f e r  could p e n e t r a t e  the c e l l  wal l  regions  
and prevent  a low pH induced wal l  l ooseni ng .  This e x p l a ­
nat ion is supported by r e s u l t s  w i t h  ponderosa pine using 
segments wi t h  i n t a c t  c u t i c l e  and epi dermis  in 0.01 M 
c i t r a t e  b u f f e r ,  pH 6.  They have a mean change in l ength  
from 4 . 92  mm to 6 . 2 9  mm, equal  to a mean e l o n g a t i o n  of  
1.37 mm. This response is comparable to responses in 
other  exper iments using 0.001 M potassium phosphate b u f f e r ,  
so 0.01 M c i t r a t e  b u f f e r  does not  seem to be able  to 
i n h i b i t  e l o n g a t i o n  when p e r m e a b i l i t y  is not enhanced by 
s l i t t i n g  the e p i d e r m i s .  Durand and Rayle (1973)  a lso  
repor t  no i n h i b i t i o n  w i t h  unpeeled segments.  I f  a r e s ­
ponse to endogenous auxin by s l i t  segments is a c t u a l l y  
being i n h i b i t e d  in the pH 6 c i t r a t e  b u f f e r ,  t h i s  response 
should s t i l l  be a b l e  to occur  in the pH 3 b u f f e r ,  s ince  
strong b u f f e r s  a t  a pH below 6 won ' t  i n h i b i t  an auxin  
response (Durand and Ra y l e ,  1 9 73 ) .  Thus,  the endogenous
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auxin response would be expected to proceed at  a comparable
r a t e  as in the 0.001 M phosphate b u f f e r  w i t hou t  auxin .  I f
so, then the t r u e  ac i d  response would be the d i f f e r e n c e  
between the response in the 0.001 M phosphate b u f f e r ,
pH 6,  and the 0.01 M c i t r a t e  b u f f e r ,  pH 3,  since both 
would have the endogenous auxin response,  but  the pH 3 
t reatment  would be expected to produce also an acid  
response.  I f  the ac id  response is c a l c u l a t e d  from the 
mean c i t r a t e  b u f f e r ,  pH 3 response minus the mean phos­
phate b u f f e r ,  pH 6 response,  the ac id  response is 0 . 4  mm 
in 24 hrs.  Comparing t h i s  to the 4 . 3  mm/24 hrs auxin  
response,  the ac i d  response becomes appr ox i mat e l y  1/10  
t ha t  of  the auxin response.  This is c lose to the expected  
1/12 r a t i o .  As ment ioned above,  the auxin response may 
not p e r s i s t  unabated f o r  the f u l l  24 hrs ,  so t h i s  could 
exp l a i n  the s l i g h t l y  g r e a t e r  r a t i o  obta ined than expected.  
The f a c t  t h a t  the a c i d  response as now c a l c u l a t e d  is 
0 . 3 %/ hr ,  or  much l ess than the values obta ined f o r  pea 
presented above,  is s t i l l  not  s u r p r i s i n g .  Averaging a 
two hr response over  24 hr would be expected to produce 
a very low c a l c u l a t i o n .
Whether the i n h i b i t i o n  obt a i ned  wi th  0.01 M c i t r a t e  
b u f f e r  is r e p e a t a b l e ,  i s  open to some quest i on .  There 
did not  seem to be as much i n h i b i t i o n  in o t her  e x p e r i ­
ments wi t h  s l i t  and a s p i r a t e d  segments in the c i t r a t e
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b u f f e r .  No t a b l y ,  the segments s p l i t  compl ete ly  in h a l f  
do not seem to be i n h i b i t e d  in 0.01 M c i t r a t e  b u f f e r  at  
pH 6 r e l a t i v e  to pH 6 0.001 M phosphate b u f f e r .  In t h i s  
t r e a t m e n t ,  p e r m e a b i l i t y  to the b u f f e r  would be expected  
to be g r e a t .  I t  is p os s i b l e  t h a t  t h i s  exper iment  is not  
r e a l l y  analogous to the s l i t  and a s p i r a t e d  exper iment .  
Segments s p l i t  in h a l f  s t i l l  have an i n t a c t  ep i dermis .
In the area next  to the e p i d e r m i s ,  a proton pump a c t i v a t e d  
by endogenous auxin might  s t i l l  be able  to lower the pH 
enough to cause c e l l  e l o n g a t i o n .  An e x p l a na t i o n  s i m i l a r  
to t h i s  has been proposed to e x p l a i n  curv ing in s p l i t  
segments t r e a t e d  w i t h  auxin (Durand and Ray l e ,  1973;  
Yamamoto e t  a l . ,  19 73 ) .  In ponderosa p i ne ,  c o i l i n g  is  
e x h i b i t e d  in s p l i t  segments t r e a t e d  wi th  auxin (unpub­
l i shed o b s e r v a t i o n s ) .  The longer  o u t e r  por t i on  has the 
epidermis.  The c u r v a t u r e  should be reversed r e l a t i v e  
to auxin induced c u r a v t u r e  i f  segments are t r e a t e d  wi th  
low pH (Durand and Ra y l e ,  1973;  Yamamoto e t  a l . ,  1973) .  
However,  a c i d - t r e a t e d  s p l i t  segments o f  ponderosa pine  
are curved in the same d i r e c t i o n  as auxin t r e a t e d  segments 
al though the c u r v a t u r e  is lower  in magni tude.  T he r e f o r e ,  
there may be a hydrogen ion g r a d i e n t  w i t h i n  the t i s s ue  
causing the epidermal  s i de  to grow more than the o t her  
side.  Al so ,  t h i s  c u r v a t u r e  may i n d i c a t e  t h a t  the segments 
are responding to endogenous a u x i n .  In any case,  the f a c t
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t h a t  the epidermal  s i de  grows more than the i nner  side  
i mpl i es  t h a t  t her e  is a lower  pH next  to the epidermis  
than next  to the ac i d  s o l u t i o n .  This could occur i f  a 
b a r r i e r  to p e r m e a b i l i t y  through the i nner  t i s s u e  e x i s t e d .  
The p i t h  and c o r t e x  con t a i n  much i n t e r c e l 1u l a r  a i r  space,  
and, t h e r e f o r e ,  may be o b s t a c l e s  to p e n e t r a t i o n  of  f l u i d  
i n t o  the hypocotyl  t i s s u e .  The problem of  a i r  spaces 
would e x p l a i n  the occur rence of  the maximal acid response 
in segments a s p i r a t e d  in the ac i d  s o l u t i o n s .
Perhaps movement o f  s o l u t i o n  i n t o  the p i t h  side of  
the s p l i t  segment is easy.  In t h i s  case the reduced 
e l ongat i on  on the p i t h  s ide could be ex p l a i ned  by the  
pH 6 b u f f e r  p r e v e n t i n g  wa l l  l ooseni ng and the low pH 
b u f f e r  a c i d i f y i n g  c e l l  cont ent s  and damaging metabol i c  
systems and membranes.  But then ,  the pH 5 or 4 b u f f e r  
would s t i l l  be expected to promote e l o n g a t i o n  as pH 5 
does in peeled segments o f  Avena ( R a y l e ,  1973 ) .  Since 
in Avena c o l e o p t i l e  c e l l s ,  e l o n g a t i o n  is very s e n s i t i v e  
to v a r i a t i o n  in the wat er  p o t e n t i a l  g r a d i e n t  between the  
c e l l  and the sur roundi ng s o l u t i o n  (Evans,  1973,  and 
re ferences c i t e d  t h e r e i  n ) , b u f f e r s  may produce an osmotic  
i n h i b i t i o n  o f  e l o n g a t i o n .  Perhaps a s l i g h t  osmotic  
i n h i b i t i o n  may be o c c u r r i n g  in  the s p l i t  ponderosa pine  
segments on the s i de  w i t h o u t  the e p i de r mi s .  This i n h i ­
b i t i o n  would have to be low in magni tude,  though,  since
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l ength  o f  segments is not  i n h i b i t e d  r e l a t i v e  to i n t a c t  
segments in 0.001 M phosphate b u f f e r .  The osmotic i n h i ­
b i t i o n  would e x p l a i n  the lower  response at  pH 3 in s p l i t  
segments r e l a t i v e  to s l i t  and a s p i r a t e d  segments.  More 
work seems to be needed to det er mi ne  the amount of  e l o n ­
gat i on occ ur r i ng  in b u f f e r s  o f  d i f f e r e n t  c on c e nt r a t i on  
and a t  d i f f e r e n t  pH va l ue s .
The decreased t u r g o r  observed in a l l  exper iments  
with ac id  t r e a t e d  ponderosa pine segments is expected,  
since t h i s  is a general  occur rence (Hager e t  a l . ,  1971;  
Rayle and Cl el  and,  1 9 7 2 ) .  I t  seems to be p a r t i a l l y  a 
r e s u l t  of  the loss o f  t u r g o r  t h a t  the acid response is 
of shor t  d u r a t i o n .  As the wa l l  is c o n t i n u a l l y  loosened 
by a c i d ,  the amount o f  t u r g o r  pressure in the c e l l  pro­
moting ex t ens i on  o f  the loosened wa l l  becomes less and 
l ess.  A loosened wa l l  w i t h  no f o r c e  to s t r e t c h  i t  w i l l  
not e x t e n d . I f  an e x t e r n a l  f o r c e  is a p p l i e d  to the seg­
ment, i t  w i l l  con t i nue  e l o n g a t i n g  f o r  5 to 6 hrs (Rayle  
and Cl el  and,  1 972 ) .  The reason e l o n g a t i o n  cannot  cont inue  
as long as the auxin response even in t h i s  case is 
appar ent l y  t h a t  low pH causes a loss of  membrane i n t e g r i t y  
and i n h i b i t s  me t a bo l i c  processes (Hager  e t  a l . ,  1971) .
My r e s u l t s  i n d i c a t i n g  t h a t  ponderosa pine responds 
to both auxin and a c i d  suppor ts  the hypothesis  of  an a c i d -  
mediated auxin  e f f e c t  which causes c e l l  wal l  l oosening.
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The l ack  o f  a GA^ response in ponderosa pine agrees 
wi th  r e s u l t s  o f  Wi tkowska-Zuk and Wodzicki  (1970)  wi th  
Pinus si  1v e s t r i  s . U n l i k e  Hashizume ( 1 9 6 5 a ) ,  no s t i m u l a ­
t i o n  by GAg of  the auxin  e f f e c t  was observed.  Other  
gi b b e r e l l i n s  should be t e s t e d  w i t h  ponderosa p i ne ,  though,  
since endogenous gi  b b e r e l l i n s  do promote e l onga t i o n  in 
Pinus si  1v e s t r i  s ( r e f e r e n c e s  c i t e d  in Wi tkowska-Zuk and 
Wodzicki ,  1970 ) .  M i chn i ewi cz  e t  a l .  ( 1974)  i n d i c a t e  t h a t  
l e v e l s  o f  g i b b e r e l l i n  are  wel l  c o r r e l a t e d  wi t h  stem e l o n ­
gat ion wh i l e  auxin l e v e l s  may be c o r r e l a t e d  wi th  c e l l  
d i v i s i o n  a c t i v i t y ,  but  are not  c o r r e l a t e d  wi t h  stem 
e l o n g a t i o n .  Perhaps the g i b b e r e l l i n  l e v e l  in the ponderosa 
pine hypocoty ls  is opt i mal  a l r e a d y ,  and thus no f u r t h e r  
response to h i ghe r  exogenous l e v e l s  occurs.  The endogenous 
auxin l e v e l  in the i n t a c t  p l a n t  may be subopt imal ,  since  
the endogenous l e v e l  decreases as the hypocotyl  maximal ly  
elongates ( Mi chn i ewi cz  e t  a l . ,  1 9 74 ) .  The hypocotyls  
would be expected to show a response when a higher  con­
c e n t r a t i o n  o f  auxin  is a p p l i e d .  I f  t h i s  is so,  however,  
then why d o n ' t  segments in auxin s o l u t i o n s  grow to a 
gr ea t er  l engt h  than the segments l e f t  on the i n t a c t  plant?  
Perhaps the l ack o f  n u t r i e n t s  or  o t he r  r e g u l a t o r s  besides  
auxin normal l y  o b t a i n ed  from the r o o t s ,  apex and cotyledons  
Is l i m i t i n g  growth o f  the exc i sed  segments.
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This l i m i t a t i o n  o c c u r r i n g  a t  the same t ime as an 
auxin enhanced e l o n g a t i o n  could produce a f i n a l  l ength  
approx i mat e l y  the same as the i n t a c t  p l a n t .  I t  also seems 
possi bl e  f rom my o b s e r v a t i o n s  t h a t  the auxin t r e a t e d  seg­
ments may indeed be e l o n g a t i n g  more than comparable regions  
in the i n t a c t  p l a n t .  My f i r s t  auxin exper iment  (F i gur e  4)  
does indeed show longer  segment l engt hs  than those in the 
i n t a c t  p l a n t  ( F i g u r e  3 ) .  Since t h e r e  is v a r i a t i o n  in 
growth p o t e n t i a l  between ex p er i ment s ,  though,  more work 
needs to be done to determi ne r e l a t i v e  magni tudes of  
e l ongat i on  due to d i f f e r e n t  t r e a t m e n t s .  This app l i e s  f o r  
a l l  the ex per i ment s ,  s i nce  magni tudes have been computed 
from mean responses.  A b e t t e r  measure of  l ength would 
be to average the responses of  known i n d i v i d u a l  segments.  
Now t h a t  ac i d  and auxin responses have been demonstrated  
f or  ponderosa p i n e ,  more d e t a i l e d  s t ud i es  on the k i n e t i c s  
of  these e f f e c t s  would be f r u i t f u l .
The cheesec l o t h  e f f e c t  remains unexpla i ned.  A 
possible  exper i ment  would be i n c ub a t i n g  the cheesecloth  
alone in the i d e n t i c a l  ex p er i ment a l  c o n d i t i o n s  used f o r  
segments.  I f  segments then incubated  in the s o l u t i o n  
in which the c he es ec l o t h  had been i ncubated showed 
enhanced growth,  the che e s e c l o t h  e f f e c t  could be shown 
to be due to a wat er  s o l u b l e  substance.  Heat s t a b i l i t y  
could be t e s t e d ,  and a t t e mp t s  could be made to i s o l a t e
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the substance.  A p p a r e n t l y ,  the substance is not abs c l s i c  
acid (ABA),  s i nce  ABA was f a r  f rom enhancing growth as 
much as the c h e e s e c l o t h ,  and may not have had any growth-  
promoting e f f e c t  a t  a l l .  The p o s s i b i l i t y  t h a t  ABA may 
enhance growth in some systems should not be e l i m i n a t e d ,  
however,  s ince G a i t e r  and Lutz ( 1975)  have conv i nc i ng l y  
shown a s t i m u l a t i o n  o f  ex t ens i on  in r oot s .
In no case was f l u o r i d e  found to s t i mu l a t e  e l o n g a t i o n .  
An i n h i b i t i o n  o f  e l o n g a t i o n  was expected from the r e s u l t s  
with pea ( C h r i s t i a n s e n  and Thimann,  1950a) .  Al though they  
found an i n h i b i t i o n  o f  auxin induced e l ongat i on  wi th  
5 X 10" M NaF, a c o n c e n t r a t i o n  a t  which NaF alone has 
no e f f e c t  in my system,  my r e s u l t s  i n d i c a t e  a g r e a t e r  
s e n s i t i v i t y  o f  the auxin  response to NaF than the spon­
taneous growth response of  segments wi t hout  auxin.  The 
auxin response is i n h i b i t e d  in ponderosa pine a t  a con-
_ p
c e n t r a t i o n  o f  10" M NaF, which is close to the r e s u l t s  
of C h r i s t i a n s e n  and Thimann ( 1 9 5 0 a ) .  Only a t  10  ̂ M NaF 
is the response of  segments w i t h o u t  auxin i n h i b i t e d  
c o n s i s t e n t l y .  Perhaps t h i s  g r e a t e r  s e n s i t i v i t y  of  auxin  
t rea t ed  t i s s u e  is r e l a t e d  to the i ncreased metabol i c  
rate of  the t i s s u e ,  which is caused by the auxin t r e a t ­
ment and is p a r t  o f  the auxin response (Evans,  1974) .  
Fluor ide i n h i b i t s  enzymes ( N a t i o n a l  Academy of  Sciences,  
1971) ,  and s p e c i f i c a l l y  i n h i b i t s  c e l l  wal l  metabol ism
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( C h r i s t i a n s e n  and Thimann,  1 9 50 ) .  Since auxin promotion
of the a c t i v i t y  of  enzymes may be p a r t  of  the auxin induced
e l ongat i on  (Evans,  1 9 7 4 ) ,  the two f a c t o r s  ac t i ng  together
might r e s u l t  in o v e r a l l  enzyme a c t i v i t y  being a t  the lower
cont rol  l e v e l  r a t h e r  than a t  the h i gher  l eve l  as normal ly
achieved by auxin s t i m u l a t i o n .  This is a c t u a l l y  observed
_ 2
in ponderosa p i ne .  The 10 M NaF i n h i b i t s  the increase  
in l ength o f  the auxin t r e a t e d  segments so t h a t  they are below 
the c o n t r o l .  Since f l u o r i d e  is thought  to a f f e c t  membrane 
p e r m e a b i l i t y  ( M i l l e r  and M i l l e r ,  1 9 74 ) ,  the establ i shment  
of a proton g r a d i e n t  may be prevented by f l o u r i d e .  Sub­
stances known to promote membrane p e r m e a b i l i t y  are able  
to i n h i b i t  the auxin response (Hager  e t  a l . ,  1971) .
Al though u s u a l l y  NaF a p p l i e d  a lone could not i n h i b i t
e l ongat i on  a t  a c o n c e n t r a t i o n  lower than 10  ̂ M, in the
exper iment  where i n d i v i d u a l  segments were moni tored,  a 
concent r a t i on  as low as 5 x 10”  ̂ M was found to i n h i b i t  
e l o nga t i on .  D e t e r mi n a t i o n  of  the exact  t h r esho l d  of  the 
response r e q u i r e s  f u r t h e r  study.  I t  seems poss i b l e  t h a t  
problems o f  c u t i c l e  p e r m e a b i l i t y  could be i nv o l v e d .
V a r i a t i o n s  in c u t i c l e  p e r m e a b i l i t y  have been mentioned 
by Dowler e t  a l .  ( 1 9 7 4 ) ,  in t h e i r  r e i n v e s t i g a t i o n  of  the 
repor t  by Kang and Burg ( 1971 )  t h a t  auxin increases the 
membrane p e r m e a b i l i t y  to w a t e r .  Dowler e t  a l .  (1974)  
f i nd the h a l f  t imes f o r  ^HHO e f f l u x  ( t h e i r  measure of
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water  p e r m e a b i l i t y )  d i f f e r  in the t h r ee  separate  labs  
where t h i s  was t e s t e d  f o r  the i n v e s t i g a t i o n .  They conclude  
t h a t  d i f f e r e n t  c u t i c u l a r  p e r m e a b i l i t y  e x i s t s  in the 
seedl ings grown in the d i f f e r e n t  l a b o r a t o r i e s .  C u t i c u l a r  
p e r m e a b i l i t y  was not  a f f e c t e d  by growing seedl ings in 
condi t i ons  of  d i f f e r e n t  humi d i t y -  However,  a seemingly  
small  m o d i f i c a t i o n  in t e c h n i qu e ,  handl ing segments wi th  
forceps wi t h  rough g r i p p i n g  faces as opposed to handl ing  
them wi th b u t t e r f l y  f orceps  wi t h  smooth gr i pp i ng  faces
O
produced an i nc r e as e  in h a l f - t i m e  f o r  HHO e f f l u x  from 
34 to 37 minutes.  They conclude t h a t  Kang and Burg's
3
HHO r e s u l t s  were due to d i f f e r e n c e s  in c u t i c l e  perme­
a b i l i t y  r a t h e r  than c e l l  membrane p e r m e a b i l i t y .  For 
i ns t ance ,  they suggest  t h a t  the c u t i c l e  in t h e i r  segments 
might have cracked when the segment e l ongated in response 
to lAA. This would cause an i nc r e as e  in p e r m e a b i l i t y  of
O
the segment to HHO. I f  c o n d i t i o n s  in the growth chamber 
used f o r  my study were d i f f e r e n t  f o r  d i f f e r e n t  p l a n t i n g s ,  
c u t i c l e s  might  have v a r i e d  between exper i ments .  F u r t h e r ­
more, the use o f  d i f f e r e n t  types of  forceps f o r  d i f f e r e n t  
exper iments may have a f f e c t e d  r e s u l t s .  Indeed,  segments 
for  the i n d i v i d u a l  segment exper i ment  were handled more 
than segments in the o t h e r  ex per i ment s ,  since the r o o t ,  
hypocoty l ,  and cot y l edons of  each p l a n t  were measured,  
and data was recorded on the c o l o r  and general  appearance
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of  the se ed l i ng  b e f o r e  segments were excised from the 
se ed l i ng .  I f  abr a s i on  by a forceps can a l t e r  p e r m e a b i l i t y ,  
t h i s  seems to be a f a c t o r  which g r e a t  care should be taken 
to c o n t r o l .  In a d d i t i o n  to the c u t i c l e  prevent i ng  passage 
of s o l u t i o n ,  the ep i der mi s  o f  ponderosa pine seems to have 
thickened c e l l  w a l l s  and may a l so  be a b a r r i e r .  Perme­
a b i l i t y  v a r i a t i o n ,  in f a c t ,  seems to be the major  drawback 
to the exc i sed segment t echn i que .
Hydrogen f l u o r i d e  was more t o x i c  to the segments 
than NaF. At  a c o n c e n t r a t i o n  o f  9 x 10~^ M (pH 2 . 5 ) ,
HF almost  t o t a l l y  i n h i b i t e d  e l o n g a t i o n .  This e f f e c t  is 
comparable to the 10”  ̂ M NaF i n h i b i t i o n .  Dr.  M. Behan 
(personal  communicat ion)  suggested t h a t  the c e l l  membrane 
may be more permeable to HF than to the F~ ion.  As a 
general  r u l e ,  uncharged molecules are able  to pass through 
membranes more e a s i l y  than ions ( S a l i s b u r y  and Ross, 1969) .  
Membrane p e r m e a b i l i t y  to the F” ion should not  be too low,  
however,  s ince the F” ion is so s ma l l .  Unionized HF, 
though,  i s  a l so  smal l  and is uncharged.  T h e r e f o r e ,  though 
both r a t es  may be f a s t ,  the r a t e  o f  HF absor pt i on  i n t o  
the c e l l  may be f a s t e r .  Fur t hermore ,  the F ion may be 
r e a c t i n g  w i t h  c e l l  wa l l  m a t e r i a l  be f or e  i t  is able to 
penet r a t e  i n t o  the c e l l .  For i n s t a n c e ,  f l u o r i d a t i o n  of  
sugars or amino ac i ds  in the c e l l  wal l  could be occur r i ng  
(Eyer ,  personal  communi cat ion) .
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The above e x p l a n a t i o n  might  apply i f  the amount of  
f l u o r i d e  p r esent  in un i on i z ed  form is g r e a t e r  in the HF 
so l u t i ons  than in the NaF s o l u t i o n s .  This is indeed the 
case.  Since HF i s  a weak ac i d  in aqueous s o l u t i o n ,  wi th  
a pKg of  3 . 45  (Handbook o f  Chemist ry and Physics,  1970 ) ,  
i t  w i l l  be only 10% i o n i z e d  a t  pH 2 . 5 .  Sodium f l u o r i d e ,  
in c o n t r a s t  should be a lmost  compl e t e l y  i on i zed  (Brewer  
et  a l . ,  I 9 6 0 ) -  The F~ w i l l  be r e a c t i n g  wi t h  Ĥ  to form 
HF. The u n d i s s o c i a t e d  form of  HF w i l l  be in e q u i l i b r i u m  
with i on i z ed  HF (Murphy and Rousseau,  1969 ) .  At pH 6,  
as most of  the NaF s o l u t i o n s  were a p p l i e d ,  the HF in the 
so l u t i on  w i l l  be almost  co mp l e t e l y  d i s s o c i a t e d .  The r e f o r e ,  
p e r m e a b i l i t y  to f l u o r i d e  might  be g r e a t e r  f o r  HF so l u t i ons  
than f o r  NaF s o l u t i o n s .  In exper iments where NaF so l u t i ons  
were bu f f e r e d  a t  l ower  pH v a l u e s ,  f l u o r i d e  was more t o x i c  
at pH 3 and 4 than a t  pH 5 and 6.  The f a c t  t h a t  at  pH 3 
and 4 more u n d i s s o c i a t e d  HF is present  could account  f o r  
the observed i nc r e a s e  in t o x i c i t y .
The i n h i b i t i o n  of  e l o n g a t i o n  at  pH 2 . 5  by HF might  
be a pH e f f e c t .  In pea segments,  as the pH is lowered 
to values below 3,  the e l o n g a t i o n  r a t e  r a p i d l y  drops to 
values below the r a t e  a t  pH 6 (Rayle  and Cl el and,  1 970) .  
This l ack o f  growth approaches zero below pH 2 . 6  and 
shr inkage sometimes occur s ,  suggest ing t h a t  the membranes 
are damaged (Hager  e t  a l . ,  1971;  Rayle and Cl el  and,  1970) .
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Thus,  a pH e f f e c t  seems s u f f i c i e n t  to account  f o r  the 
observed growth i n h i b i t i o n  by HF a t  pH 2 . 5 .  However,  
Cleland and Rayle ( 1970)  o b t a i n  a maximal extension  
response a t  pH 3 in t h e i r  exper iments wi th  b u f f e r s .  The 
HF s o l u t i o n  a t  pH 3 does not  s t i m u l a t e  e l onga t i on  in the 
s l i t  segment exper i ment  and causes an i n h i b i t i o n  wi th  
cotyledons a t t a c h e d .  T h e r e f o r e ,  pH alone is probably  
not r e s p o n s i b l e  f o r  the t o x i c i t y  o f  HF s o l u t i o n s ,  but  
r a t h e r ,  f l u o r i d e  is i nv o l v e d  as w e l l .
I t  i s  not  s u r p r i s i n g  t h a t  f l u o r i d e  a t  high concen­
t r a t i o n s  i n h i b i t s  e l o n g a t i o n  of  hypocotyl  segments.
However,  no s t i m u l a t i o n  o f  hypocotyl  segment growth is 
obt a i ned ,  in c o n t r a d i c t i o n  to numerous r epor t s  of  f l o u r i d e  
enhanced e l o n g a t i o n .  I propose t h r ee  hypotheses concerning  
f l o u r i d e ' s  e f f e c t  on e l o n g a t i o n  and w i l l  attempt to ex p l a i n  
the d i scr epancy  between my r e s u l t s  and those of  o ther  
i n v e s t i g a t o r s  based on these c o n j e c t u r e s .  F i r s t  of  a l l ,  
the f l u o r i d e  induced s t i m u l a t i o n  o f  stem extension may be 
an e f f e c t  s p e c i f i c a l l y  due to the F ion.  This would be 
in agreement  w i t h  Gordon's ( 1972a)  obs er va t i on  t h a t  whi te  
and scotch pine stems grew longer  than usual  when t r e a t e d  
with HF but  not  when t r e a t e d  w i t h  HgSO^y There are  
several  p o s s i b l e  reasons f o r  my f a i l u r e  to observe  
s t i m u l a t i o n  o f  e l o n g a t i o n  by f l o u r i d e  in the ponderosa 
pine h ypoc ot y l s .  Al though I designed exper iments to t e s t
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numerous c o n d i t i o n s  in which f l u o r i d e  might  produce an 
e l onga t i o n  e f f e c t ,  perhaps t h e r e  are o t her  f a c t o r s  or a 
combinat ion of  f a c t o r s  which are necessary f o r  f l o u r i d e  
ac t i on  but were not  pr esent  in my hypocotyl  segment  
system. By s e t t i n g  up d i f f e r e n t  cond i t i ons  f o r  the 
hypocotyl  e x p e r i me n t ,  a f l u o r i d e  enhanced growth might  
be obt a ined in the h y p oc ot y l .  Perhaps accumulat ion of  
f l u o r i d e  was too f a s t  in s o l u t i o n s  used f o r  hypocotyl  
exper iments .  Two cut  ends were a v a i l a b l e  f o r  p e ne t r a t i on  
by the s o l u t i o n ,  u n l i k e  the c o n d i t i o n s  in Gordon's (1972a)  
exper i ment ,  in which an i n t a c t  candle r ece i ved  the s o l u t i o n s .  
S i m i l a r l y ,  i f  low c o n c e n t r a t i o n s  of  gaseous HF were used,  
the r a t e  o f  e n t r y  of  f l u o r i d e  i n t o  the p l a n t  might  be 
slow enough to enable  the p l a n t  to d e t o x i f y  the f l u o r i d e .
The hypocotyl  segments might  not  have shown a s t i mu l a t i o n  
because a g r e a t e r  t o x i c i t y  o f  f l u o r i d e  r e s u l t e d  from i t s  
f a s t e r  a b s o r p t i o n .
Perhaps the hypocoty l  i t s e l f  is unable to respond 
to f l u o r i d e ,  but  the candle  o f  a t r e e  i s .  Factors con­
t r o l l i n g  e l o n g a t i o n  could be d i f f e r e n t  enough in these  
two systems to a l l o w  f l u o r i d e  to be e f f e c t i v e  in one and 
not the o t h e r .
A second hypot hes i s  is t h a t  the response to HF 
observed in the f i e l d  and l a b o r a t o r y  is an acid response.  
Since ac i d  s o l u t i o n s  ar e  known to promote e l o n g a t i o n .
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t h i s  p o s s i b i l i t y  cannot  be i gnor ed.  Evidence aga i ns t  t h i s  
is the r e p o r t  by Gordon (1972a)  o f  no s t i m u l a t i o n  of  
e l onga t i on  using HgSO^ a t  the same pH used to obta in  HF 
s t i mu l a t e d  e l o n g a t i o n .  However,  p e r m e a b i l i t y  of  the 
c u t i c l e  and ep i dermi s  to HgSO^ and HF may be d i f f e r e n t .
As ment ioned e a r l i e r  in the d i s c u s s i o n ,  membranes are more 
permeable to uncharged molecules than to ions.  The p e r ­
m e a b i l i t y  o f  the c u t i c l e  and epi dermis  to ions may also  
be lower than t h e i r  p e r m e a b i l i t y  to uncharged molecules,  
since ions may more e a s i l y  r e a c t  wi t h  substances in the 
c u t i c l e  and epidermal  c e l l  w a l l .  In ponderosa pine and 
in pea (Yamamoto e t  a l . ,  1 973;  Cl el  and and Rayle,  1 975)  
the c u t i c l e  and ep i dermi s  have been shown to be r e l a t i v e l y  
impermeable to Ĥ  i ons.  In ponderosa p i ne ,  e l ongat i on  is 
i n h i b i t e d  by a p p r o x i ma t e l y  the same c o nc e nt r a t i on  of  HF 
whether segments are s l i t  and a s p i r a t e d  or not .  However,  
e l ongat i on  in response to c i t r a t e  b u f f e r  occurs in s l i t  
segments but  is c o mp l e t e l y  absent  in u n s l i t  segments.  
T he r e f o r e ,  p e n e t r a t i o n  of  segments by und i ssoc i a t ed  HF 
seems to be e a s i e r  than p e n e t r a t i o n  by H  ̂ ions from the 
b u f f e r .  Assuming t h a t  c u t i c l e  and epidermis  i mper meab i l i t y  
to ions is a genera l  phenomenon, p e r m e a b i l i t y  to a h i gh l y  
d i s s o c i a t e d  ac i d  should be lower  than p e r m e a b i l i t y  to an 
undi ssoc i a t ed  a c i d .  In an aqueous s o l u t i o n ,  as the pH 
is r a i s e d ,  Ĥ SÔ  ̂ w i l l  f i r s t  d i s s o c i a t e  to Ĥ  and HSO^
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( the  b i s u l f a t e  i o n ) .  The b i s u l f a t e  ion w i l l  then d i s -  
s o c i a t e  to H and SO  ̂ . The pK^ f o r  the f i r s t  step is 
appr ox i mat e l y  0 . 4 0 ,  and the pK^ f o r  the second step is 
1.92 ( Se g e l ,  1 9 68 ) .  The p o f  HF is 3 .45 (Handbook of  
Chemistry and Phys i cs ,  1970 ) .  Thus,  a t  any given pH,
HF w i l l  be less d i s s o c i a t e d  than HgSO^^ Wi thin  the range 
of  pH from 3 to 5 where i ncr eased  e l o nga t i on  is observed 
by Gordon (1972a)  wi t h  HF, HgSO^ is almost  complete ly  
d i s s o c i a t e d .  At  pH 3,  f o r  i n s t a n c e ,  HF is 26% i on i zed  
as c a l c u l a t e d  from the Henderson-Hasselbalch equat ion  
(Rendina,  1971;  Se ge l ,  1 9 6 8 ) ,  wh i l e  the r a t i o  of  the 
S0^~ c o n c e n t r â t ion to the o r i g i n a l  HgSO^ concent r a t i on  
is 92%. The remaining H^SO^ should be almost  e n t i r e l y  
in the form o f  HSO^~. Thus,  HF may have entered the 
candles t r e a t e d  by Gordon (1972a)  more e a s i l y  than HgSO^. 
Once i n s i d e  the t i s s u e ,  the HF s o l u t i o n s  would be d i l u t e d  
in the t i s s u e  f l u i d ,  and d i s s o c i a t i o n  would occur .  Cel l  
wal l  regions could then become a c i d i f i e d .  Since the 
number of  c e l l s  in the candle  is g r e a t e r  than t h a t  in 5 mm 
segments,  and the amount o f  s o l u t i o n  app l i e d  a t  one t ime  
by Gordon ( 1 9 7 2 a ) ,  1 ml ,  i s  much less than the amount 
given to ponderosa pine hypocotyl  segments,  20 ml , t he  
problem of  f l u o r i d e  t o x i c i t y  may have been less in Gordon's 
system than in the hypocoty l  segment system. D e t o x i f i ­
ca t i on  o f  the f l u o r i d e  might  have been accompl ished in
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the i n t e r v a l  between the d a i l y  a p p l i c a t i o n s  to the candles.  
Candles may a l so  be less s e n s i t i v e  to f l u o r i d e  than 
h y p o c o t y l s . Thus,  the candles may have been able to 
el ongat e  in response to HF because i t  could penet r a t e  
the t i s s u e  and they could d e t o x i f y  i t  f a s t  enough, but  
they could not  respond to H^SO^ because of  i t s  low 
p e n e t r a t i o n .  The r e s u l t s  o f  Gordon (1972a)  can thus be 
expla ined in terms of  the hypothes is  t h a t  the HF response 
is due to Ĥ  i ons.
I f  HgSO^ were a b l e  to p e n e t r a t e  t i s s u e ,  increased  
e l ongat i on  would be expected .  Some evidence e x i s t s  t h a t  
HgSO  ̂ may be ab l e  to s t i m u l a t e  e l o n g a t i o n .  Ferenbaugh 
(1974)  sprayed Phaseolus v u l g a r i s  wi t h  HgSO^ s o l u t i o ns .
He ment ions t h a t  p l a n t s  t r e a t e d  a t  pH 3 .5  and 4 . 5  some­
t imes were t a l l e r  than c o n t r o l  p l a n t s .  In his Figure 2,  
i t  can be seen t h a t  45 day o ld  p l a n t s  sprayed wi th  pH 3 
sol ut i ons  were about  an inch t a l l e r  than c o n t r o l s .  
Obviously,  more ev i dence  is needed to prove t h a t  an acid  
response could occur  when s o l u t i o n s  were app l i ed  to i n t a c t  
plants or when HF gas e n t e r e d  p l a n t  t i ssues  and dissolved  
in the t i s s u e  w a t e r .  However,  nega t i v e  evidence does 
not seem to be too d e v a s t a t i n g  to the hypot hes is ,  since  
lack of  an ac i d  response could simply mean the t i s s ue  
wasn' t  permeable to the H  ̂ i ons .  I f  so much cont roversy  
and v a r i a b i l i t y  in r e s u l t s  can r e s u l t  from c u t i c l e  and
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epidermis d i f f e r e n c e s  in the exc i sed segment system, as 
descr ibed e a r l i e r ,  then i t  would be expected t h a t  even 
more v a r i a t i o n  and i n c o n s i s t e n c y  would be found in studies  
depending on the p e r m e a b i l i t y  o f  the r e l a t i v e l y  more 
compl icated and less permeable cover ings of  mature p l a n t s .  
P e r m e a b i l i t y  c o n t r o l  has been shown to be c r u c i a l  to the 
acid response.
The t h i r d  p o s s i b i l i t y  r e ga r d i ng  f l u o r i d e  enhancement  
of e l o ng a t i o n  is t h a t  i t  is n o n e x i s t e n t .  The only p r e ­
sent a t i on  o f  data wi t h  a s t a t i s t i c a l  t r ea t ment  appears 
in T res how e t  a l .  (1 967 ) .  His conclus ion t h a t  the s i g ­
n i f i c a n t  2 mm e l o n g a t i o n  of  Douglas f i r  needles is due 
to f l u o r i d e  seems o v e r l y  c o n f i d e n t .  Assuming t h a t  an 
e l ongat i on  d i f f e r e n c e  o f  t h a t  r e l a t i v e l y  smal l  magnitude 
is not due to chance a l o n e ,  an assumption which may in 
f a c t  not  be j u s t i f i e d ,  i t  seems t h a t  t here  should probably  
be many o t he r  i mp o r t a n t  f a c t o r s  o p e r a t i n g  in the e n v i r o n ­
ment,  besides f l u o r i d e ,  which might  be able to a f f e c t  
e l ongat i on  to the degree observed.
In work w i t h  segments f l o a t i n g  in s o l u t i o n s ,  the 
v a r i a t i o n  due to u n c o n t r o l l e d  f a c t o r s  is o f t en  q u i t e  
l a r ge .  Spontaneous growth i ncr eases  may be mistaken  
for  t r u e  responses to t e s t  s o l u t i o n s  (Evans,  1973) .
Cu t i c l e  v a r i a t i o n  may obscure e f f e c t s  or produce an 
apparent  e f f e c t  o f  t e s t  s o l u t i o n s  ( Cl el  and and Rayle,
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1975j  Dow 1G r G t  â l . ,  1 9 74 ) .  OthGr causGS of  v a r i a t i o n  
romain unoxp l a i nod ,  f o r  instancG v a r i a t i o n  in spontanoous 
growth from GxporimGnt to Gxporimont  obsorvGd by tho author  
and by ZakrzGwski  (1 975 ) ,  and by Raylo and Cl Gland (1 970)  
for  thG d u r a t i o n  o f  t h o i r  ac i d  rosponsG.  Soasonal v a r i a ­
t i on in thG rGsponsG o f  hypocoty ls  used in the hypocotyl  
s t r a i g h t  growth b ioassay f o r  auxin has oven boon postu l a ted  
(Wodzicki  and Wodz i ck i ,  1973 ) .  I f  so l i t t l e  cont rol  on 
v a r i a t i o n  e x i s t s  in the exc i sed system where hypocotyls  
are i s o l a t e d  from the v a r i a t i o n  found in the r e s t  of  the 
p l a n t ,  much more v a r i a t i o n  would be expected in systems 
using i n t a c t  p l a n t s ,  each wi t h  d i f f e r e n t  growth rates  
and endogenous l e v e l s  o f  growth r e g u l a t o r s .  Even a 
f u r t h e r  i n c r e a s e  in v a r i a t i o n  occurs in exper iments on 
i n t a c t  p l a n t s  in the n a t u r a l  envi ronment .  Not only do 
the p l ant s  d i f f e r  i n t e r n a l l y ,  but  f a c t o r s  other  than 
those being s t ud i e d  can i n f l u e n c e  growth.  Because of  
the numerous sources o f  v a r i a t i o n  in any exper iment ,  
any a t t empt  to show an e f f e c t  o f  some f a c t o r  on p lants  
must i nv o l v e  a c a r e f u l  demonst ra t i on  t h a t  v a r i a t i o n  
caused by the f a c t o r  in que s t i on  is g r e a t e r  than t h a t  due 
to chance,  or  to u n c o n t r o l l e d  c o n d i t i o n s .
Car lson ( persona l  communicat ion)  at tempted to measure 
terminal  shoots o f  t r e e s  in areas o f  f l u o r i d e  p o l l u t i o n  
to determine whether  an i nc r e a s e  in l ength could be shown
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to be s t a t i s t i c a l l y  s i g n i f i c a n t .  He found a great  deal of  
v a r i a t i o n  among t e r m i n a l  shoot  l engths of  s i ng l e  t r e e s .
I t  appeared to him from p r e l i m i n a r y  observat i ons t h a t  t h i s  
v a r i a t i o n  would be g r e a t e r  than t h a t  between f l u o r i d e -  
p o l l u t e d  areas and non po l l u t e d  ar eas .  The study was not  
cont inued,  however ,  because of  the d i f f i c u l t y  of  dea l ing  
with the l a r g e  v a r i a t i o n  due to o t he r  f a c t o r s  besides  
f l u o r i d e .
F u r t h e r  i n v e s t i g a t i o n s  on i n t a c t  p l ant s  under con­
t r o l l e d  c o n d i t i o n s  are needed to determine which of  the 
three p o s s i b i l i t i e s  d escr i bed  above is c o r r e c t .  I t  is 
pos s i b l e ,  o f  course ,  t h a t  both f l u o r i d e  and acid are 
s t i m u l a t i n g  e l o n g a t i o n ,  e i t h e r  s e p a r a t e l y  or t oge t he r .  
Although a c omp l e t e l y  dé f endab l e  s e l e c t i o n  of  one 
hypothesis is i mpos s i b l e  w i t h o u t  more da t a ,  I p r e f e r  
the second hypot hes is  t h a t  observed s t i mu l a t i o n s  of  
e l ongat i on  are due to an ac i d  response.  My f a i l u r e  to 
get an ac i d  response w i t h  HF s o l u t i o n s  means merely  
t ha t  a c i d i f i c a t i o n  o f  the c e l l  wal l  must occur wi t hout  
simul taneous po i soning  by f l u o r i d e .  I f  the HF could 
get i n t o  a stem,  and the F ion could be d e t o x i f i e d  
f a s t  enough,  a c i d  enhanced e l o n g a t i o n  should be able to 
occur .
CHAPTER V 
SUMMARY
Control  o f  hypocoty l  e l o n g a t i o n  was studied in 
ponderosa p ine .  I n v e s t i g a t i o n  of  e f f e c t s  of  na t ura l  
r e g u l a t o r s  o f  growth i nc l uded  exper iments t e s t i n g  e f f e c t s  
of  NAA, a c i d ,  GAg, c o t y l e do n s ,  che esec l o t h ,  and ABA. 
Combinat ions of  NAA, GA^, and cotyledons were also t es t ed .  
Stem e l o n g a t i o n  was enhanced by NAA, a c i d ,  and cheesecloth.  
To obt a i n  the ac i d  response,  i t  was necessary to s l i t  
segments l o n g i t u d i n a l l y  and a s p i r a t e  them in the t e s t  
s o l u t i o n .  P e r m e a b i l i t y  o f  the i n t a c t  c u t i c l e  and epidermis  
to the ions may thus be q u i t e  low. The response in 
ponderosa pine to both auxin and ac i d  provides support  
f o r  the t heor y  o f  a c i d - m e d i a t e d  auxin response.
The e l o n g a t i o n  response of  the hypocotyl  to f l u o r i d e  
was i n v e s t i g a t e d  in an a t t e mp t  to e l u c i d a t e  the r o l e  of  
f l u o r i d e  in s t i m u l a t i n g  stem e l o n g a t i o n .  However,  
f l u o r i d e  f a i l e d  to promote e l o n g a t i o n  in any of  the 
exper imental  systems.  F l u o r i d e  i n h i b i t e d  growth when 
appl i ed to e n t i r e  p l a n t s  or exc i sed segments as NaF at  
10  ̂ M. H y d r o f l u o r i c  a c i d  i n h i b i t e d  growth of  excised  
segments a t  pH 2 . 5  or  9 x 10"^ M HF. The HF so l ut i ons  
are thus more t o x i c  to the segments.
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EXPLANATI ON OF APPENDI X
Resul ts  o f  s t a t i s t i c a l  t e s t s  are summarized in 
Appendix A I I I  to F X I .  A b b r e v i a t i o n s  used f o r  t reatments  
are as f o l l o w s :  N (NAA),  F (NaF) ,  G (GA3 ) ,  Ch (Cheesec l o th ) ,  
Ab (ABA),  C ( C o n t r o l ) .  Ar ab i c  numerals f o l l o w i ng  hormone 
and f l u o r i d e  symbols i n d i c a t e  the negat i ve  log of  the 
c o n c e n t r a t i o n  as m o l a r i t y .  For example,  the N4F8 t reatment  
consi s ts  o f  NAA a t  10”  ̂ M plus NaF at  10~^ M.
Lines underneath the t r e a t me n t  symbols i n d i c a t e  the 
r e s u l t s  o f  the m u l t i p l e  comparison t e s t  based on the 
Kr us ka l 1- W a l 1is t e s t .  Treatments connected by a s i ng l e  
l i n e  are not  s i g n i f i c a n t l y  d i f f e r e n t  from each o t her .
Lines above the t r e a t m e n t  symbols i n d i c a t e  r e s u l t s  of  
Kolmogorov Smirnov (KOLMS) and Wi lcoxon Rank Sum (WILC)  
t e s t s ,  as l a b e l l e d .  Agai n ,  t rea t ment s  connected by l i nes  
are not  s i g n i f i c a n t l y  d i f f e r e n t .  Numbers under the t r e a t ­
ments compared w i t h  the m u l t i p l e  comparison t e s t  are  
average ranks.
For exper i ment s  in which measurements of  segments 
were made be f or e  and a f t e r  i n c u b a t i o n ,  TO r e f e r s  to 
s t a t i s t i c a l  a n a l y s i s  f o r  t r e a t ment s  before  incubat i on  
and 24 r e f e r s  to a n a l y s i s  f o r  t r ea t ment s  a f t e r  i ncubat i on.
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A p p e n d i x  A I .  Compu t e r  p r og r a m f o r  m u l t i p l e  c o m p a r i s o n  
t e s t  based on t h e  Krus  ka 1 1 -VJa 11 i s t e s t ,  and samp l e  o u t p u t  
f r o m  p r o g r a m .
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A p p e n d i x  A I ( c o n ' t . )
Sample ou t put  f rom program.
KF.i:S  F OR ' 5 /  l S / 7  5'  A U X IN  L X P E R lM L iN T  
M . R . TR EATM ENT
1 ) I 18.813 M4F0
2 ) 1 £ 9 . £ 2 9  M 4 F 4  : , .
3 ) 8 9 .  7 9 1 7  M /;F 6  . " •
4 ) 9 6 .  3 9 5 6  . M 4 F 8  .
- 5 ) 1 4 F .  3 5 4  ■.■.'■N6F0 ' '
■ :: 6 ) 1 3 1 . 6 4 6  '■ • 'M 6 F 4  ' ■' ■
\  r7  ■..) 1 2 0 . 2 2 9  , ;F N 6 F 6  .' a ;
V . ' ' B ■ ) 1 0 2 .  7 0 8  ' ;, N 6 F 8  . / F a R- ■/'A' ■' -- '
'A 9 ) 6 6 F 3 3 3 3  ' à : M 8 F 0 .  % . "A - F  \ ./
; -H ' = ' 2 6 .  0 4 9 5 " :  - / : -  , A A A r : : ; : : :  - '
• F iE JE C T  H 0 £ 0 .  0 9  ' ;  A LPH A = 0 . 0 1
; P ( 1 J 2 ) = . 9 . 5 8 3 3 3  ;
P ( 1 J 3 ,2 9 . '^ 0 2 0 8  -,
a PC 1. 4
,
'• ) = . , 2 2 . 4  1 6 7  -
p ( 1 5 ) - ' 2 2 . 5 4  17 .
. p ( 1 6 ) = .12 . 8 3 3 3
■- PC 1 7 ) = 1 ' 4 1 6 6 7
PC 1 , 8 ) - 1 6 . 1  0 4 2 '
PC 1 * 9 . ) = 5 2 . 4 7 9 2
PC 2 3 >Â 1 9 . 4 3 7 5
? c 2^ > 4 1 2 . 6 3 3  3
PC 2 5 ) = 3 2 . 1 2 5
. , P ( 2 6 .5 = 2 2 .  4 1 67
' P ( . 2 :' > '7, ) = M -  '■ :
PC 2 > 8 ) = 6 . 5 2 0 8 3
P c c 9 ) = 4 2 . 8 9 5 8
PC 3 4 ) = 6 . 6 0 4 1 7
PC 3 > 5 ) = 5 1 . 5 6 2 5
P c 3 J 6 ) = 4 1 . 8 5 4 2
PC 3 J 7 ) = 3 0 . 4  27 5
PC 3 > 8 ) = 1 2 . 9 1 6 7
P c 3 J 9 ) “- 2 3 . 4 5 8 3  .
PC 4 J 5 ) = 4 4 . 9 5 8 3  C
PC 4 J 6 ) = 3 5 . 2 5
PC 4 > 7 ) = 2 3 . 8 3 3 3  .
PC 4 J 8 .) = 6 . 3 1 2 5
P c A > 9 ) = 3 0 . 0 6 2 5
PC 5 > 6 ) = 9 . 7 0 8 3 3
PC 5 7 ) = 2 1 . 1 2 5
P c 5 8 ) - 3 8 . 6 4 5  8
PC 5 J 9 ) = 75  . 0 2  0 8
PC 6 n ) = 1 1 . 4 1 6 7  .
PC 6 , 8 ) = 2 8 .  9 3 7 5  "
r  c 6 J 9 ) = 6 5 .  3 1 2 5  V-
p  c 7 J 8 ):= 1 7 . 5 2 0  8
c 7 , 9 ) = 5 3 . 8 9 5 8
P c 8 > 9 ) = 3 6 . 3 7  5
s = 6 4 » 7 1; 1 8
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A p p e n d i x  A I I .  S a m p l e  c o m p u t a t i o n s  f o r  t h e  K o l m o g o r o v -
Smi rnoV t e s t f o r  the 5 / 1 8 / 7 5  exper i ment .  In the 6  ̂ column.
1 = b u f f e r c o n t r o l  and 0=10"® M NAA.
i
' ( 1 ) )) S o ( Z ( i ) ) 1̂ 1 0 ^ ^ ( i )  ̂ ■ ^10 ^ ^ ( i ) ^1
1 5 . 5 1 1 / 20 0 / 2 0 1/20
2 6 1 2 / 20 0 / 2 0 2/ 20
3 6 1 3 / 20 0 / 2 0 2 /20
4 6 1 4 / 2 0 0 / 2 0 4 / 20
5 6 1 5 / 2 0 0 / 2 0 5/20
6 6 1 6 / 2 0 0 / 2 0 6 / 2 0
7 6 1 7 / 20 0 / 2 0 7 / 20
8 6 . 5 1 8 / 2 0 0 / 2 0 8 / 20
9 6 . 5 1 9 / 2 0 0 / 2 0 9 / 20
10 6 . 5 1 10 / 20 0 / 2 0 1 0 / 20
11 6 . 5 1 11 / 20 0 / 2 0 11/20
12 7 0 1 1 /20 1 / 20 10/20
1 3 7 1 1 2 / 2 0 1/20 11/20
14 7 12 / 20 2 / 2 0 1 0 / 20
15 7 1 13 / 20 2 / 2 0 11/20
16 7 1 14/20 2 / 2 0 1 2 / 20
17 7 1 15 / 20 2 / 20 1 3 / 20
18 7 1 16 / 20 2 / 20 14/20
19 7 1 17 / 20 2 / 2 0 1 5 / 20
20 7 1 18/20 2 / 20 16 /20 MAX;J.=16
21 7 . 5 18 / 20 3 / 2 0 15/20
22 7 . 5 1 19 / 20 3/ 20 16/20
23 8 19 / 20 4 / 2 0 1 5 / 20
24 8 1 20 / 20 4 / 2 0 16/20
25 8 0 2 0 / 20 5 / 2 0 1 5 / 20
26 8 0 20 / 20 6 / 20 14/20
27 8 0 20 / 20 7 / 20 1 3 / 20
28 8 . 5 0 20 / 20 8 / 2 0 12/20
29 8 . 5 0 20 / 20 9 / 2 0 11/20
30 8 . 5 0 20 / 20 10 / 20 10 / 20
31 8 . 5 0 20 / 20 11/20 9 / 20
32 8 . 5 0 20 / 20 12 / 20 8 / 2 0
33 8 . 5 0 20 / 20 1 3 / 3 0 7/ 20
34 9 0 20 / 20 14/20 6 / 2 0
35 9 0 2 0 / 20 15 / 20 5 / 20
1 1 2
A p p e n d i x  A I I . ( c o n ' t .  )
i
' ( i ) F l 0 ( : ( i ) ) ^ l O ^ ^ ( i )
36 9 0 20 / 20 16 / 20
37 9 0 20 / 20 17 / 20
38 9 0 20 / 20 18 / 20
39 1 0 0 20 / 20 1 9 / 20
40 1 1 0 20 / 20 20 / 20
4 / 20
3/ 20
2 / 2 0
1 / 2 0
0 / 2 0
J3=16
From t a b l e  A . 23 in Ho l l a nde r  and Wolfe (1973)  
P(J3 > 10) = . 0123
T h e r e f o r e ,  i s  r e j e c t e d  at  the 0.01 l e v e l .
Appendix A I I I .  Resul ts of the mu l t i p l e  comparison t es t  f or  the 5 / 18 / 75  
auxin experiment  wi th hypocotyl  segments.
KOLM-S
Buf N8F0 N4F6 N4F8 N6F8 N4F4 N4F0 N6F6 N5F4 N6F0 
66.3 89.8 96.4 102.7 109.2 118.8 120.2 131.6 141.4
Buf F6 N8F6 F8 N8F8 F4 N8F4
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Appendix A IV.  S t a t i s t i c a l  a n a l y s i s  f o r  the 9 / 1 9 / 7 5  
NAA w i t h  a t t a c h e d  coty l edons exper i ment .
TO BUF N4 N8 N6
33 57 57 61
WILC KOLMS WILC 
24 BUF N8 N4 N6
11 5
Appendix B I .  S t a t i s t i c a l  a n a l y s i s  f o r  9 / 1 9 / 7 5  exper iment  
wi t h  hypocoty l  segments s p l i t  l o n g i t u d i n a l l y  and incubated  
in 0.01 M c i t r a t e  b u f f e r  a t  pH 6,  5.  4,  and 3.
TO pH6 pH5 pH4 pH3
700 1096.5  1357.5  1502
24 pH6 pH5 pH4 pH3
67 7 . 5  1057.5  1276.5  1644.5
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Appendix B I I .  S t a t i s t i c a l  a n a l y s i s  f o r  1 0 / 1 1 / 7 5  e x p e r i ­
ment w i t h  s l i t  and a s p i r a t e d  hypocotyl  segments incubated  
in 0.01 M c i t r a t e  b u f f e r  a t  pH 6.  5,  4,  and 3.
TO pH3 pH4 pH5 pH6
931 983 1499 1637
24 pH6 pH4 pH5 pH3
580 978 1275 1822
Appendix C I .  S t a t i s t i c a l  analysis  f o r  the 5 / 28 / 75  experiment wi th hypocotyl  segments 
incubated in solut ions of  GÂ  and NaF.
G6F4 G4F6 G8F4 G6F8 G4F4 G6F0 G8F0 G8F6 G4F8 G8F8 G4F0 G6F6 Buf
76.54 124.54 125.62 140.35 159 160.08 163.02 164.83 166.23 170.92 178.44 193.15 211.77
KOLM-S
Buf G4N6 G6N6 68N6
211.77 33.4 37.6 47.5
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Appendix C I I .  S t a t i s t i c a l  a n a l y s i s  f o r  the 9 / 1 9 / 7 5  
exper i ment  using hypocotyl  segments wi t h  cotyledons  
a t t a c h e d  i ncubat ed  in  GA  ̂ s o l u t i o n s .
TO Buf G4 G6 G8
32 50 59 61
24 G4 G8 Buf G6
Appendix C I I I .  S t a t i s t i c a l  analysis f or  the 7 /14 / 75  experiment wi th hypocotyl  
segments and unattached cotyledons incubated in solut ions of  GÂ  in continuous 
darkness.
G8F6 G8F8 F8 G8F4 F4 G6F0 G4F4 G8F0 G6F6 Buf F6 G6F5 G4F6 G4F8 G6F8 G4F0 
127 152 155 155 156 169 183 199 202 208 213 214 223 238 239 246
Appendix C IV.  S t a t i s t i c a l  analysis for  the 7 /18 /75 experiment wi th hypocotyl  
segments and unattached cotyledons incubated in solut ions of  GÂ  in continuous 
1i gh t .
Buf G6F6 G8F8 F6F4 G8F4 G4F6 G8F0 G6F0 F4 G6F8 G4F8 G4F0 F8 F6 G4F4 G8F6
134.5 146.2 149.9 153.8 162.5 172.0 183.9 202.7 204 208.3 218.3 218.5 211.8 223.3 239.5 250.6
ro
o
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Appendix D. S t a t i s t i c a l  a n a l y s i s  f o r  the 9 / 1 9 / 7 5  
exper i ment  w i t h  hypocotyl  segments incubated wi th  NAA 
and c h e e s e c l o t h .
Buf N8Ch N4Ch Ch N6Ch
314 1196 1336 1814 2009
1 22
A p p e n d i x  E.  S t a t i s t i c a l  a n a l y s i s  f o r  t h e  9 / 1 9 / 7 5
e x p e r i m e n t  w i t h  h y p o c o t y l  s e g m e n t s  i n c u b a t e d  i n  ABA
s o l u t i o n s .
TO Ab8
1060
Ab4
1462
Buf  
1 559
AblO
1866
Ab6
1928
24 Buf
1 222
Ab4 
1 360
Ab6
1640
Ab8
1668
AblO 
1 984
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Appendix F I .  S t a t i s t i c a l  a na l y s i s  f o r  1 0 / 1 0 / 7 5  
exper i ment  wi t h  seedl ings grown in s l a n t s  wi th f l u o r i d e  
agar .  The a n a l y s i s  shown is f o r  hypocotyl  growth.
S i m i l a r  r e s u l t s  were obta ined f o r  root  and cotyledon  
e l o n g a t i o n .
    KOLMS
FI F7 F3 C F5
18 .55 19.25 21 .3  22 .9
1 24
A p p e n d i x  F I I .  S t a t i s t i c a l  a n a l y s i s  f o r  t h e  9 / 9 / 7 5
e x p e r i m e n t  w i t h  h y p o c o t y l  s e g m e n t s  i n c u b a t e d  i n  NaP
s o l u t i o n s .
TO FI F2 F4 F3 C
38 39 68 72 98
24 FI F2 F3 F4 C
15 65 70 82 84
A p p e n d i x  F I I I .  S t a t i s t i c a l  a n a l y s i s  f o r  t h e  9 / 1 9 / 7 5
e x p e r i m e n t  w i t h  h y p o c o t y l  s e g me n t s  i n c u b a t e d  i n  NaCl
s o l u t i o n s .
125
TO NaCl 5 
31
Buf
35
NaCl 3 
54
NaCl 1 
73
24 Buf
32
NaCl 3 
46
NaCl 5 
52
NaCl 1 
64
1 26
A p p e n d i x  F I V .  S t a t i s t i c a l  a n a l y s i s  f o r  t h e  9 / 2 6 / 7 5
e x p e r i m e n t  w i t h  h y p o c o t y l  s e g me n t s  w i t h  a t t a c h e d  c o t y l e d o n s
i n c u b a t e d  i n  NaF s o l u t i o n s .
TO F5X4 F3 F4 F2 F5X3 Buf
67 69 72 74 78 93
24 F2 F5X3 F3 Buf F5X4 F4 
40 59 68 78 75
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Appendix F V I .  S t a t i s t i c a l  a n a l y s i s  f o r  the 9 / 9 / 7 5  
exper i fnent  w i t h  hypocotyl  segments incubated in s o l u t i o ns  
of  NaF w i t h  10”  ̂ M GA^.
TO F3G F4G Buf F2G
33 36 57 76
24 FIG F3G F2G Buf F4G
13 69 73 77 83
1 28
Appendix F V I I .  S t a t i s t i c a l  a n a l y s i s  f o r  the 9 / 9 / 7 5  
exper i ment  w i t h  hypocotyl  segments incubated in s o l u t i o ns  
of  NaF and 10“  ̂ M NAA.
TO F4N F3N Buf FIN F2N
29 42 78 81 85
  WILC
KOLMS
24 FIN F2N Buf F3N F4N
14 41 59
1 29
Appendix F V I I I .  S t a t i s t i c a l  a na l y s i s  f o r  the 1 0 / 2 1 / 7 5  
exper i ment  w i t h  hypocotyl  segments incubated in so l u t i o ns  
o f  10  ̂ M NAA (N) or phosphate b u f f e r  (B) .  The hypocotyls  
were from se ed l i n gs  grown in f l u o r i d e  agar .  The Arabic  
numerals i n d i c a t e  the negat i ve  log of  the f l u o r i d e  concen­
t r a t i o n  in the agar  s l a n t .
TO 38 3N SB 7N 3N ON OB
3B 7B OB SB
13 . 60  1 9 . IS 2 1 . OS 28 . 20
24
3N ON SN 7N
17 . 75  18 . 35  21 . 65  24.25
Appendix F IX.  S t a t i s t i c a l  analysis for  the 12/19/75 experiment wi th s l i t  and 
aspi ra ted hypocotyl  segments incubated in 0.01 M c i t r a t e  buf f e r  at  pH values 
from 6 to 3 wi th NaF.
TO pH4F8 pH5F4 pH3F8 pH4F6 pH4F4 pH3F4 pH3F0 pH6F0 pH3F6 pH5F6 pHSFO pH5F8 pH4F0 
2520 2744 3295 3382 3438 3636 3782 3948 4113 4175 4454 4523 4818
24 pH6 pH3F4 pH3F8 pH3F6 pH4F8 pH3F0 pH5F8 pH5F0 pH5F4 pH5F6 pH4F6 pH4F0 pH4F4 
1522 2984 3021 3200 3574 3620 3801 3870 4434 4434 4521 4748 5097
CO
o
1 31
A p p e n d i x  F X.  S t a t i s t i c a l  a n a l y s i s  f o r  t h e  9 / 2 6 / 7 5
e x p e r i m e n t  w i t h  h y p o c o t y l  s e g m e n t s  w i t h  a t t a c h e d  c o t y l e d o n s
i n c u b a t e d  i n  HP s o l u t i o n  a t  a r a n g e  o f  pH f r o m  6 t o  2 . 5
TO pH3 pH2.5 HgO pH3.5 pH5.5 pH5 pH4 pH4.5
57 68 94 99 104 104 111 133
24 pH2.5 pH3 pH5.5 pH5 H^O pH4.5 pH3.5 pH4
46 71 76 77 81 83
1 32
A p p e n d i x  F X I .  S t a t i s t i c a l  a n a l y s i s  f o r  t h e  1 1 / 1 5 / 7 5
e x p e r i m e n t  w i t h  s l i t  a nd  a s p i r a t e d  h y p o c o t y l  s e g me n t s
i n c u b a t e d  i n  HP s o l u t i o n s  a t  a r a n g e  o f  pH f r o m  6 t o  3.
TO pH3.5 pH4.0 pH4.5 pH3.0 pH6.0 pH5.0 pH5.5
58 61 84 88 103 109 1 1 2
24 pH3 pH4 pH4.5 pH5 pH3.5 pH5.5 pH6
26 67 90 95 96 106 136
